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Rolla, Missouri 


Allepeira lemniscata (Walckenaer), a spider of the Southern United 
States and Cuba, builds a domed orb-web that is unique among the 
Argiopidae. It differs from other members of the family in various 
habits, and morphologically is not closely related to other argiopid 
genera. 

The history of the species reflects the uncertainty regarding its 
systematic position. Described under Linyphia Latreille (Walckenaer, 
1842; Hentz, 1850), it later was referred to Epeira Walckenaer (McCook, 
1878) and to Argiope Andouin (Marx, 1890). It is the genotype of 
Hentzia McCook (1889) (preoccupied by Marx, 1883), and of the 
substitute name Allepeira Banks (1932). The genus was compared 
with Leucauge White by McCook (1889) and others, both genera having 
been placed in the Metinae. Marx (1890) placed the species in Argiope 
and the subfamily Argiopinae, Simon (1895) and Petrunkevitch (1928) 
in the Araneinae. Currently Banks (1932) and Bryant (1940) have 
referred both Allepeira and Leucauge to the Tetragnathinae. 

The present study is an outgrowth of field observations of Allepeira 
lemniscata in the vicinity of Austin, Texas, and of efforts to find a 
satisfactory systematic position for that species. The following are 
its main contributions: 


(1) Previous observations of the habits of A. lemniscata have been 
verified, and some new observations added. 


(2) Morphological results include: 

a) Description in detail and illustration of the external mor- 
phology. 

b) Description in detail and illustration of male and female 
genitalia, suggesting the generic and subfamily significance 
of their characters as a basis for revisionary studies of the 
Argiopidae. 


1Mrs. Don L. Frizzell, formerly guest research worker, Department of 
Zoology, The University of Texas. 
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c) Detailed description of the spination of the legs, with a 
variation study of spines of the first leg based on 12 speci- 
mens, indicating a need for caution in the taxonomic applica- 
tion of this character. 

(3) A new subfamily Allepeirinae is proposed, to stand between the 
Metinae and Argiopinae in the family Argiopidae. 


Acknowledgments.—I am indebted to Elizabeth B. Bryant for the 
loan of Cuban material from the Museum of Comparative Zoology, 
Harvard University, and for literature; to Allan F. Archer for biblio- 
graphic references; to Sarah B. Martin for assistance with the drawings 
and help in making field observations; and to the Department of Zoology, 
The University of Texas, for laboratory and library facilities. 


Genus Allepeira Banks 


Hentzia McCook, 1889, American Spiders, 2, p. 244. F.0O. P. Cambridge, 1904, 
Biol. Centr. ‘Amer., Arachnida, 2, p. 523. (Not Hentzia Marx, 1883. 
Allepeira Banks, 1932, in Banks, Newport, and Bird, Univ. Oklahoma Publ., Biol. 
Survey, 4 (1): 23. 
Genotype.—Epeira basilica McCook, = Alleperia lemniscata (Walck- 
enaer) (by substitution). 


Diagnosis.—Posterior eye-row almost straight, slightly procurved, 
with eyes equidistant; median eye area almost square; anterior median 
eyes farther from each other than from lateral eyes. Chelicera normal, 
with boss (sometimes inconspicuous). Maxilla almost as broad as long; 
lip broader than long. Legs long with metatarsi appreciably longer 
than tibiae, and tarsi longer than patellae; with numerous long, slender 
spines. Trichobothria present in two rows on basal half of each tibia, 
one on each metatarsus, none on femora. Abdomen elongate, cylin- 
drical; female with anterior dorsal humps; posterior tip of abdomen 
produced slightly above and behind spinnerets. Chitin over book- 
lungs only slightly furrowed. Colulus large. No sexual dimorphism 
in size and pattern, and male without specialized apophyses or spines. 
External genitalia complex. 

The genus contains at present only A. lemniscata and A. trivittata 
(O. P. Cambridge) (1890, as Argiope). 

Comparisons.—The body shape is somewhat similar to that of some 
of the larger species of Linyphia, although the abdomen is thicker at 
the posterior end and the legs bear many more spines. It also is some- 
what similar to Leucauge and Argiope. 

The position and spacing of the eyes are like those in Leucauge and 
the Metinae. In the Argiopinae, the posterior row of eyes is greatly 
procurved, rather than straight. The Tetragnathinae, as typified by 
Tetragnatha, have widely separated lateral eyes. In the Araneinae, 
the median eyes are much closer to each other than to the lateral eyes. 

The chelicerae, maxillae, and lip are most nearly like those of the 
Argiopinae. The boss on the chelicera is not as distinct as in the 
Araneinae, but more pronounced than in the Metinae. The maxillae 
are not elongate nor enlarged distally as in Tetragnatha and Leucauge. 

The proportions of the leg segments are the same as those of Argiope, 
unlike those of the Araneinae and Metinae. The spines are long and 
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slender, not stout as in the Araneinae. The absence of femoral tricho- 
bothria dissociates Allepeira from Leucauge and the Tetragnathinae. 

The morphological significance of the furrows in the chitin, covering 
the book-lungs in most argiopid spiders, is not clear. They are absent 
in the Tetragnathinae, vestigial in Leucauge and the Metinae, well 
developed in the Argiopinae, and conspicuous in most of the Araneinae. 
In Allepeira a slight furrowing is developed. 

The male and female of Allepeira are similar in shape, size, color, 
and pattern. The female is slightly larger and bears abdominal humps 
that are lacking in the male. Argiopids are not particularly consistent 
in degree of sexual dimorphism, but marked differences are usual. 
Size differences in the Tetragnathinae are not great, but the armature 
of the male chelicerae is often greater than in the female. Dimorphism 
in size is considerable in some species of Leucauge. In the male of Meta 
curtisi (McCook), the chelicerae are enlarged. The male and female of 
Argiope differ greatly in size, and the shape of the abdomen is different 
in the two sexes. Most male Araneinae bear specialized apophyses, 
spines, or both on the legs, and in many species the male is much the 
smaller. 

The male palp of Allepeira is comparable to that of the Argiopinae 
and Araneinae rather than of the Tetragnathinae or Metinae. The 
patella and tibia are short segments, the former bearing a long, bristle- 
like spine. The paracymbium is vestigial, reduced to an immovable 
basal hook on the cymbium. (See figures 9-11.) 

The genitalia of the female more closely ally the genus to Argiope 
than to Meta, Leucauge, or Aranea; Tetragnatha has no external genitalia. 
In Allepeira the genitalia are more highly specialized than in Meta or 
Leucauge, less so than in Aranea. The atriolum (see fig. 7) is arched and 
highly chitinized, but not produced posteriorly into an epigynum.’ 
Internally there is a flattened, lightly chitinized bursa, homologous to 
the heavily chitinized bursa of Argiope. The spermathecae are more 
complex than in Argiope, and are double. 


Allepeira lemniscata (Walckenaer) 


Linyphia lemniscata Walckenaer, 1842, Hist. Nat. Ins. Apt., 2, p. 263. 

Linyphia conferta Hentz, 1850, Boston Soc. Nat. Hist., Jour., 6: 30, pl. 4, fig. 7; 
1875, Boston Soc. Nat. Hist., Occasional Papers, 2, p. 135, pl. 15, fig. 7, pl. 19, 
fig. 115 (reprint of 1850 figures). 

Epeira basilica McCook, 1878, Acad. Nat. Sci. Philadelphia, Proc., pp. 124-134, 
figs. 1-3. 

Argiope basilica (McCook). Marx, 1890, U. S. Nat. Mus., Proc., - 541. 

Hentzia basilica (McCook). McCook, 1889, American Spiders, 1 164-165, 
168-171 (text- pee: 1893, American Spiders, 3, p. 244, pl. 14, - 2, pl. 23, 
fig. 8. F. O. P. Cambridge, 1904, Biol. Centr. Amer., ‘dened, 2, p. 523 
Petrunkevitch, 1911, Amer. Mus. Nat. Hist., Bull., 29: 349-350. Comstock, 
1913, Spider Book, pp. 416-418, fig. 430 [1940, ‘revised ed., pp. 430-432, fig. 430]. 
Petrun evitch, 19 , Conn. Acad. Arts and Sci., Trans., 29: 138. 

Cyrtophora basilica (McCook). Simon, 1895, Hist. Nat. Araign., 1 (4), p 

Allepeira basilica (McCook). Banks, Newport, and Bird, 1932, Univ. Tetohoms 
sor Biol. Survey 4 (1), p. 23. Bryant, 1940, Mus. Comp. Zool., Bull., 

): 358. 


*The atriolum of Argiope is considerably produced posterior] y in a scape-like 
epigynum, and is highly chitinized throughout. _—— of Allepeira trivittata 
Op 


Cambridge) (1890, pl. 4, figs. 6c, 6d, as Argiope; F. O. P. Cambridge, 1902, 
st $ , figs. 18, 18a, as Hentzia) show the epigynum of that species produced as 
in Argtope. 
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Allepeira conferta (Hentz). Archer, 1940, Geol. Survey Alabama, Alabama Mus. 
Nat. Hist., Mus. Paper 14, p. 24; 1941, ibid., 18, pp. 11-12. 

Allepeira eye (Walckenaer). Chamberlin and Ivie, 1944, Univ. of Utah, 
Bull., 35 (9): 93-94. 


Type.—The type specimen of Linyphia lemniscata Walckenaer 
presumably was not preserved. It is illustrated by number 25 of 
Abbot’s unpublished drawings (Kensington Museum of Natural History, 
London), which has been examined by Chamberlin (Chamberlin and 
Ivie, 1944). 

Type locality — ‘‘Burke County” (now part of Screven County), 
Georgia. 

Range.—Dense populations of Allepeira lemniscata occur in scattered 
localities throughout the Southern States, Texas, Oklahoma, Colorado, 
and Cuba. 


DESCRIPTIONS 


Female.—Total length, 8.73 mm. (mature females from Austin vary 
from 6.5 to 8.8 mm.; females from Cuba, 8.1 mm.); length of carapace, 
3.06 mm.; width of carapace, 2.25 mm.; height of carapace, 1.08 mm. 

Color of living spiders considerably ‘brighter than when preserved 
in alcohol. Living specimens: cephalothorax bright yellow with a 
narrow, median, black, longitudinal band, sides black. Legs pale 
green, almost transparent, grading to reddish brown; with many spines; 
clothed with short, black and white hairs; femora with narrow, black, 
dorsal stripe. Abdomen dorsally figured with a wide, irregular folium 
from base to tip, outlined in white; folium brilliantly colored anteriorly 
with red, yellow, black, and white, posteriorly with red and tan, be- 
coming black toward tip. Sides with three green and black, irregular, 
longitudinal stripes, separated by white bands. Sternum black, with 
a broad, irregular, median, yellow stripe. Venter of abdomen marked 
with a broad, median, black stripe, inclosing yellow patches, and 
outlined in white and yellow. In alcohol, nearly all the colors lose 
brightness, and the green and red become gray. 

Carapace broad in thoracic part, narrowed just behind eyes, flat 
with a pit-like thoracic groove and shallow cephalic grooves. Head 
region with nearly parallel sides and quite rounded in front. 

Eyes similar in color, anterior medians largest. Anterior row 
recurved, posterior row almost straight, very slightly procurved. All 
eyes except anterior medians ringed with black. Measurements of 
eyes: Diameter of A.M.E., 0.20 mm.; P.M.E., 0.14 mm.; A.L.E., 
0.11 mm.; P.L.E., 0.16 mm. Distance between A.M.E., 0.15 mm.; 
P.M.E., 0.16 mm.; P.M.E. to A.M.E., 0.16 mm.; A.M.E. to A.L.E., 


EXPLANATION OF PLATE I 


Fics 1-8. Allepeira lemniscata (Walckenaer). Female, Onion Creek, Travis 
Co., Texas. Fig. 1. Lateral view of body, X 7.5. Fig. 2. String of egg-sacs, 
xX 1. Fig. 3. Anterior part of carapace, showing eyes, X 23. Fig. 4. Maxillae, 
lip, and sternum, X 20. Fig. 5. Spinnerets, colulus, and anal tubercle, X 20. 
Fig. 6. Chelicerae, X 30. Fig. 7. Female genitalia, ventral view, X 60. ATR, 
atriolum. Fig. 8. Female genitalia, postero-ventral view, X 60. ATR, 
atriolum; AT, atrium; AW, anterior atrial wall; P, parmula. 








Allepeira lemniscata PLATE [ 
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0.12 mm.; P.M.E. to P.L.E., 0.14 mm. Lateral eyes not touching but 
very close together. Clypeus, 0.06 mm. high, receding. 

Chelicera robust at base, slightly geniculate at base, with a fairly 
well developed boss; boss much more conspicuous in some specimens 
than others, usually similar in color to rest of chelicera. Fang groove 
with 4 teeth on anterior margin, one on posterior margin. Maxillae 
short, almost meeting over lip, median edges scopulate. Lip broader 
than long, strongly rebordered. Sternum cordate, lateral edges smooth, 
ending posteriorly in blunt point in front of hind coxae. 

Palp long, spiny, ending in a long claw armed with a comb of five 
teeth. 

Legs 1, 2, 4, 3, clothed with longitudinal patches of short, fine hair, 
and armed with numerous long, slender spines that stand at a 60 degree 
angle with segments (for enumeration of spines see page 318). Tricho- 
bothria on tibiae short, irregularly arranged in two rows on basal half 
of segment; one on each metatarsus. Three claws, upper two longer 
than third (when removed and measured; about equal in length as seen 
on tip of tarsus); two pairs of auxiliary claws. Upper claws armed with 


TABLE I 
FEMALE. LEG MEASUREMENTS IN MILLIMETERS 


| Femur Patella-Tibia Metatarsus Tarsus Total 





Palp 0.82 0.36 0.46 pls 1.09 2.73 
1 3.64 3.68 3.41 1.23 11.96 
2 3.37 3.28 3.09 1.13 10.87 
3 2.18 2.00 1.73 0.91 6.82 
4 3.00 3.19 3.09 1.05 10.33 


a heavy comb of 5 to 8 teeth, closely graded from basal (smallest) to 
distal (longest). Third claw unarmed except for basal nodule; quite 
geniculate. No tarsal drum. 

Analysis of leg measurements shows the combined length of tarsus 
and metatarsus to be appreciably longer, on all legs, than the combined 
length of patella and tibia. 

Abdomen elongate, cylindrical, with a pair of small, anterior, 
dorsal humps, which are sometimes inconspicuous, especially on older 
individuals; posterior tip of abdomen elevated and slightly prolonged 
beyond and behind spinnerets. Area of book-lungs smooth, with two 
to three inconspicuous furrows. Only a few structures of the genitalia 
are visible from the ventral surface (figs. 7, 8). Tracheal spiracle 
directly anterior to colulus. Colulus large and conspicuous. Six 
spinnerets close together; anterior pair a little the heaviest, median 
pair very slender, posterior pair slightly longest. Anterior and posterior 
spinnerets bear small terminal joints. Anal tubercle directly behind 
spinnerets. 

Male.—Total length, 5.70 mm. (hypotype male about average for 
the Austin population, where males vary from about 5 to 6.5 mm. in 
length; a male from Cuba is 8.1 mm. long); length of carapace, 2.63 
mm.; width of carapace, 1.91 mm.; height of carapace, 0.55 mm. 








1948] Exline: Allepeira lemniscata 315 


Color, pattern, and general shape as in female; head part a little 
narrower and more rounded in front; without humps on abdomen; 
legs longer in proportion to length of body. 

Eyes as in female, but laterals a little farther apart. Diameter of 
A.M.E., 0.18 mm.; P.M.E., 0.16 mm.; A.L.E., 0.10 mm.; P.L.E., 0.14 
mm. Distance between A.M.E., 0.12 mm.; P.M.E., 0.14 mm.; A.M.E. 
and P.M.E., 0.18 mm.; A.M.E. and A.L.E., 0.09 mm.; A.L.E. and 
P.L.E., 0.03 mm.; P.M.E. and P.L.E., 0.14 mm. Clypeus, 0.06 mm. 
high. 

Chelicerae, maxillae, lip, and sternum as in female. 

Palp short; femur somewhat curved, without true spines; patella 
with an inconspicuous basal spine, and a long, distal, dorsal, bristle-like 
spine; tibia almost triangular in cross-section, without spines; cymbium 
with several long, spine-like bristles, and a basal hooked apophysis 
(vestigial paracymbium). (See figs. 9-11 for details of bulb.) 

Legs with long, slender spines as in female (see detailed account of 
spines); claws and trichobothria as in female; color as in female. Legs 


TABLE II 
MALE. LENGTH OF LEGS IN MILLIMETERS 





Femur Patella-Tibia Metatarsus Tarsus Total 

Palp 0.64 0.36 0.23 Geile 0.64 1.87 
l 4.05 4.37 4.19 1.46 14.07 

2 3.82 3.91 3.73 1.27 12.73 
3 2.45 2.09 1.96 0.91 7.41 
4 3.73 3.46 3.64 1.09 11.92 


of male longer in proportion to length of cephalothorax (about 5 to 1), 
than in the female (almost 4 to 1). 

Abdomen has same pattern as on female, slightly more slender and 
lacking humps on anterior part of dorsum; book-lungs, tracheal spiracle, 
colulus, and spinnerets similar. 


GENITALIA OF ALLEPEIRA LEMNISCATA 


Structures of the secondary sexual organs are homologized as closely 
as possible with those of Epeira dumetorum Hahn (Comstock, 1910, as 
Aranea ocellata (Simon) ), Agalena naevia (Walckenaer) (Petrunkevitch, 
1925), and species of Linyphia Latreille (Blauvelt, 1936). 

In general the terminology of Comstock, Petrunkevitch, and Blauvelt 
has been used. The term “epigynum”’ is applied to the female organs 
by most arachnologists. As Petrunkevitch (1925, p. 564) pointed out, 
however, “epigynum’”’ correctly has a far more restricted meaning. 
He used “‘external reproductive organs of the female’’ which is cumber- 
some and misleading, inasmuch as most of the organs are internal. 
‘‘Female genitalia,” although a very general term, has the advantage 
of being intelligible to zoologists. It applies to all spiders, whether or 
not there are externally visible parts. In current descriptions of female 
spiders, far too much emphasis has been placed on the appearance of 
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the externally visible genitalia, which changes with age, amount of 
chitinization, and, often, exudation. The terms ‘‘seminal receptacle” 
and ‘‘spermetheca,” usually regarded as synonymous, are used here for 
the analogous structures in male and female respectively. 

Female.—The female genitalia are quite highly developed. The 
atriolum (figs. 7, 8, 12) is black or deep brown, and heavily chitinized, 
protruding ventrally. The atrium (fig. 8) is postero-ventral; the 
atrio-bursal openings are lateral; the high triangular anterior wall of 
the atrium is slightly chitinized and glabrous. Posterior to the atrial 
wall is a small, lightly chitinized lip, which appears to be homologous 
with the parmula of Linyphia. Internally, the structures of the right 
and left halves of the genitalia are completely separate. The openings 
on each side of the atrium lead into a flat, membranous bursa which 
extends antero-dorsally, ending in a blind pouch; medially the bursa 
connects by a slit-like opening into the heavily chitinized spermatheca. 
Each spermatheca is a compound structure of two dumb-bell shaped 
parts with a common canal, lying almost at right angles to one another. 
Near their union and the opening from the bursa, the fertilization duct 
drains the dorsal lobe of the spermatheca laterally, and runs dorsally 
to the ventral wall of the vagina. (See figs. 12, 13.) 

Male.—The palp is short, with very short patella and tibia; the 
bulb of the cymbium is large (fig. 9). The cymbium is spoon-shaped, 
covered on its dorsal surface with spine-like bristles. Ventrally it is 
hollow, containing the structures of the bulb. The bulb is attached 
to the alveolus of the cymbium by a large, basal haematodocha, followed 
by a flattened sclerite (the subtegulum), which incloses and protects 
the seminal receptacle (fig. 10). The latter connects directly with the 
median division of the bulb by a seminal duct with chitinous walls. 
No median haematodocha is present. The median division consists 
of a large, cone-shaped, highly chitinized tegulum, the largest sclerite 
of the bulb; within it, the seminal duct makes one and one-half large, 
irregular spirals; laterally, the tegulum bears a blunt, unarticulated 
process, homologous to the median apophysis. Between the tegulum 
and the apical division of the bulb, apparently is a small, distal haema- 
todocha, and a small finger-like conductor. The conductor is not highly 
chitinized, and is difficult to see in most positions, being hidden by the 
tegulum below and the apical division above. The seminal duct passes 
from the tegulum to the apical division, surrounded by a membranous 





EXPLANATION OF PLATE II 


Fics. 9-11. Allepeira lemniscata (Walckenaer). Male, Onion Creek, Travis 
Co., Texas. Fig. 9. Right palp, ventral view, X 50. PC, paracymbium; C, 
cymbium; ST, subtegulum; TG, tegulum; V, ventral arm of terminal apophysis; 
D, dorsal arm of terminal apophysis. Fig. 10. Right palp (expanded), prolateral 
view, X 25. T, tibia; PA, patella; H, basal haematodocha; ST, subtegulum; 
TG, tegulum; M, median apophysis; CN, conductor; E, embolus; A, terminal 
apophysis. Fig. 11. Right palp (expanded), ventral view, X 20. 


Fics. 12-13. Females, Onion Creek, Travis Co., Texas, genitalia (cleared), 
xX 60. Fig. 12, Dorsal view. ATR, outline of atriolum; B, bursa; S, spermatheca; 
F, fertilization duct; AA, anterior wall of atrium and parmula. Fig. 13. Postero- 
dorsal view. 
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or lightly chitinized sheath. The apical division consists of this sheath, 
the chitinous embolus, and the terminal apophysis. The embolus 
surrounds, or forms the wall of, the seminal duct as it emerges freely 
from the sheath and the terminal apophysis. The terminal apophysis 
arises as an anterior chitinization of the sheath, and lies across the 
entire anterior portion of the bulb. A short distance from its point 
of origin, the terminal apophysis divides into two processes, the larger 
posterior arm, and a ventral membranous arm. The posterior arm of 
the terminal apophysis is large, somewhat spoon-shaped, heavily 
chitinized, and bears a large tooth on its anterior edge. Where the 
two arms of the terminal apophysis separate, the embolus emerges from 
the sheath, lying free in a ventral groove along the anterior margin of 
the dorsal arm, and is somewhat covered by the ventral arm. 

In mating, the posterior arm of the terminal apophysis probably 
is inserted up to its tooth into the bursal cavity of the female, accom- 
panying the embolus. The anterior tooth engages the edge of the atrio- 
lum, preventing the chitinous posterior arm from puncturing the 
membranous bursa. In Argiope aurantia (Lucas), the entire terminal 
apophysis has been observed to be inserted into the bursa. In the 
latter case, however, the bursa is very large and heavily chitinized. 


ANALYSIS OF LEG SPINATION 


Spination of the legs has long been used as a generic and specific 
character, especially in the Lycosidae, Clubionidae, and Salticidae. 
In general, only the ventral spines on the tibia and metatarsus of leg 1 
have been used, although dorsal, prolateral, and retrolateral spines 
usually are present. Seldom have the leg spines been enumerated 
completely, nor has their variability been established. 

Leg spines are subject to considerable variation within a species, 
comparable to the appreciable variability in number of teeth bordering 
the furrow of the chelicera—which also has been employed uncritically 
as a systematic character. Differentiating spines, bristles, and hairs 
also presents a problem in discrimination. Spines well developed in 
one individual may be very small on another, or replaced by bristles. 
Frequently one cannot distinguish long, slender spines from stout 
bristles, as in A. lemniscata. Some systematists might consider the 
ventral armature of the femora as bristles, whereas in this study they 
are regarded as spines. 

The spines of the legs of Allepeira lemniscata are as follows: 

Spines of female hypotype-——Leg 1. Femur: dorsal, 4 (short, bristle- 
like); prolateral, 3 (short); retrolateral, 4 (short); ventral, 5 pairs plus 
2 proximal (in series on posterior side) and 2 interspersed posteriorly 
among pairs (all long, bristle-like). Patella: dorsal, 2 (1 distal); pro- 
lateral, 1; retrolateral, 1. Tibia: dorsal, 3; prolateral, 2; retrolateral, 
3; ventral, 4 pairs. Metatarsus: dorsal, 2; prolateral, 3; retrolateral, 2; 
ventral, 2 pairs plus 2. 


EXPLANATION OF PLATE III 


Fic. 14. Allepeira lemniscata (Walckenaer). Web of female. Onion Creek, 
Travis Co., Texas; July, 1947. About one-third natural size. 
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Leg 2.—Femur: dorsal, 4 (short); prolateral, 3; retrolateral, 4 
(small); ventral, 6 pairs (bristle-like). Patella: dorsal, 2 (1 distal); 
prolateral, 1; retrolateral, 1. Tibia: dorsal, 3; prolateral, 3; retrolateral, 
3; ventral, 3 pairs. Metatarsus: dorsal, 3; prolateral, 1 (basal); retro- 
lateral, 2; ventral, 4 pairs (staggered). 

Leg 3.—Femur: dorsal, 3 (weak); prolateral, 1 (distal); retrolateral, 3 
(very weak); ventral, 4 anterior (sinuous, bristle-like, long) and 3 
posterior (very weak, bristle-like). Patella: dorsal, 2; prolateral, 1. 
Tibia: dorsal, 2; prolateral, 1; retrolateral, 1 pair (basal) and 1; ventral, 
2 pairs. Metatarsus: dorsal, 3; prolateral, 1 (basal); retrolateral, 2; 
ventral, 3. 

Leg 4.—Femur: dorsal, 4 (weak); prolateral, 1 (distal); retrolateral, 
1 (distal); ventral, 1 (basal, bristle-like). Patella: dorsal, 2; pro- 
lateral, 1. Tibia: dorsal, 2; prolateral, 1; retrolateral, 2; ventral, 
1 pair (basal) and 1. Metatarsus: dorsal, 2; prolateral, 3; retrolateral, 
4; ventral, 1 pair and 1. 

Spines of male hypotype.-—Leg 1.—Femur: dorsal, 4; prolateral, 4; 
retrolateral, 4; ventral, roughly 5 pairs plus 1 (posterior, bristle-like). 
Patella: dorsal, 2 (1 distal); prolateral, 2 (1 basal); retrolateral, 1. 
Tibia: dorsal, 3; prolateral, 5; retrolateral, 4; ventral, 3 pairs plus 1. 
Metatarsus: dorsal, 2; prolateral, 2; retrolateral, 2; ventral, 3 pairs. 


) 


Leg. 2.—Femur: dorsal, 3; prolateral, 3 (small); retrolateral, 2; 
ventral, 5 pairs (bristle-like). Patella: dorsal, 2; prolateral, 1; retro- 
lateral, 1. Tibia: dorsal, 3; prolateral, 3; retrolateral, 3; ventral, 
3 pairs. Metatarsus: dorsal, 2; prolateral, 2; retrolateral, 2; ventral 
3 pairs (staggered). 

Leg 3.—Femur: dorsal, 3; prolateral, 3; retrolateral, 3; ventral, 
2 posterior, 1 anterior. Patella: dorsal, 2; prolateral, 1; retrolateral, 
1. Tibia: dorsal, 2; prolateral, 3; retrolateral, 2; ventral, 2 pairs. 
Metatarsus: dorsal, 3; prolateral, 3; retrolateral, 2; ventral, 2 pairs. 

Leg 4.—Femur: dorsal, 5; prolateral, 3 (small); retrolateral, 0; 
ventral, 6 (all posterior). Patella: dorsal, 2; prolateral, 1; retrolateral, 
1. Tibia: dorsal, 3; prolateral, 3; retrolateral, 3; ventral, 2 pairs. 
Metatarsus: dorsal, 2; prolateral, 4; retrolateral, 3; ventral, 3 plus 
about 4 (small, in series distally). 

Table III shows (1) no consistent difference in spination between 
males and females, (2) a considerable variation between individuals, 
and (3) no greater variation between the specimens from Cuba and 
those from Texas, than the latter do from one another, except in the 
possession of one extra dorsal spine on metatarsus 1. The demonstrated 
variability in spination of leg 1 indicates strongly the need for caution 
in using that character as a means of separating genera and species. 


HABITS OF ALLEPEIRA LEMNISCATA 


McCook (1878) described the web of Allepeira lemniscata (as Epeira 
basilica), and emphasized its dissimilarity to those of other argiopids 
and its apparent similarity to webs of certain linyphiids. He compared 
the web structure with that of argiopids which build typical orb-webs | 
with subsidiary irregular structures, namely, Leucauge venusta (Walck- 
enaer) (as Epeira hortorum Hentz) amd Aranea pegnia (Walckenaer) 
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(as Epeira globosa Keyserling). Later (1889-1893), he added Marx’s 
notes on the building of the web, and described the egg-sac. 

The web of A. lemniscata is made of very fine silk and is conspicuous 
only in sunlight, when the regularity of the orb structure is emphasized 


TABLE III 


SPINES OF LEG 1 ON 12 SPECIMENS OF A. lemniscata 
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B—bristle; pr—pair; v—ventral; s—very small. 





by the iridescence of the fabric. It is essentially horizontal, exceedingly 
closely woven, and drawn into a dome by an irregular mass of threads 
above and below. The dome is about 20 cm. in diameter, and the mass 
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of attaching threads above the dome is higher than the diameter of the 
orb. The irregular mass below the orb is usually shorter than the dia- 
meter. McCook described a “‘curtain’’ or web-platform beneath the 
domed web, which was not found in the webs examined during the 
present study. 

Marx (in McCook, 1889) observed that the orb-web is constructed 
first as a horizontal, flat, argiopid orb. The periphery then is drawn 
downward by many attachments, connecting the edge with shrubbery 
below, forming the lower mass of irregular threads. The upper side 
of the orb is elevated next, the central part being pulled upward by long 
threads from the upper surface to the shrubbery above. The completed 
orb is a perfectly domed structure. 

Observations on the structure of the orb-web are difficult to make 
because the silk is very fine and the web itself is closely woven. McCook 
estimated that there are approximately twenty radii. The present 
study, however, shows that there are two hundred or more, both from 
observation and by computation. 

The center of the orb is rather consistent in pattern for most argiopid 
species, and is often strengthened by special threads of heavier silk. 
It is remarkably inconspicuous in webs of A. lemniscata, however, and 
is not always the same. The silk of the spirals appears to approach 
the hub, which is about equal in diameter to the body length of the 
spider. A few delicate threads cross the open hub rather haphazardly. 
The manner of attachment of the radii in the central part, and their 
mode of stabilization, could not be ascertained by field observations. 
The mesh, one to two millimeters, appears to be the same size at the 
hub and periphery. Therefore, not all of the outer radii can extend to 
the center of the web. 

McCook suggested that the orb of A. lemniscata is made of inelastic 
silk, like that of the notched zone of other argiopid webs, not of viscid 
silk used for the spiral thread by most members of the family. Obser- 
vations on this point have not been conclusive, but the web feels viscid 
to the touch. The woof of the web appears quite homogeneous from 
hub to periphery, and the attachments on the radii appear somewhat 
notched, as noted by McCook. 

Males and females, in penultimate or pre-penultimate moult stages, 
were found living together in typical domed orbs (May, 1947, near 
Austin, Texas). Each female was accompanied by from one to three 
males. The webs were built by the females, as evidenced by their 
tenancy of central positions under the domes; the males had in each 
case situated themselves a few inches distant. Tenants of a web run 
in divergent directions to the periphery when disturbed, with quick, 
jerky movements. When sufficiently alarmed, all seek shelter in the 
adjacent shrubs. This habit is at variance with the common argiopid 
reaction of dropping from the web. 

Archer (1940, p. 24) stated that young individuals build only a 
linyphiid type web until near maturity. My observations indicate, 
further, that males of A. lemniscata probably never build orb-webs. 
Two males approaching maturity, placed in large jars in the laboratory, 
constructed only extensive sheet webs. Moreover, males live con- 
tinuously in webs made by females for a period of about six weeks, 
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from at least the penultimate instar stage until they disappear, about 
the time that the female weaves her first egg-sacs. 

The string of egg-sacs is placed in the middle of the mass of irregular 
lines above the hub of the orb, and is supported by a heavy strand of 
silk anchored to twigs on each side (figs. 2, 14). The first egg-sac is 
globular and is suspended from the supporting strand by many adherent 
threads. It is about six millimeters in diameter, and gray, with brown 
showing through the outer threads. A few days after the first batch of 
eggs has been laid, a second egg-sac is added below the first, slightly 
overlapping it. The completed string of egg-sacs may include as many 
as nine, although usually from three to five. Typically in a linear 
series, one or more may be offset. The female disappears shortly after 
the string of egg-sacs has been completed, and the web soon vanishes. 
The egg-sacs and the strands supporting them, however, persist long 
after the disappearance of spider and web, and have been observed 
during winter months. 

Some egg-sacs examined during August contained spiderlings, but 
others had been parasitized. Sometimes the later one or two egg-sacs 
of a string are empty. Each egg-sac is an elaborate structure, similar 
in construction to the single and much larger sac of Argiope aurantia. 
A mass of about twenty yellow eggs is first covered with a thin layer of 
downy silk. This is closely surrounded by a brown, fibrous covering, 
waterproof and very tough. A thin, grayish white silk matting, over 
the brown fibrous layer, almost conceals the color. Rarely, after the 
egg-sacs have been completed, a soft, white, cottony mass of silk is 
woven over the entire string, giving the aggregate the appearance of a 
loose mass of cotton wool. 

Field observations show a striking resemblance between Allepeira 
lemniscata and the American dome weaving linyphiids, Linyphia 
litigiosa Keyserling and L. marginata C. Koch. The general form of the 
web is almost the same, except that the dome is not as high. They 
agree as well in body shape, similarity in size and structure of male 
and female, long period of association of males and female, and type of 
movement when disturbed. These peculiarly linyphiid habits and 
forms, in an argiopid spider, probably are an adaptation to life under a 
closely woven dome-shaped web. The fundamental difference of habit 
involved in building an orb-web, as opposed to sheet-web construction, 
implies that the similarity is superficial and not indicative of close 
relationship. 


Subfamily Allepeirinae Exline, new subfamily 


The morphological characters of Allepeira, in conjunction with the 
habits observed for A. lemniscata, are the basis for proposal of the 
subfamily Allepeirinae within the family Argiopidae. 

Diagnosis.—Posterior eye row nearly straight with eyes about 
equidistant; boss present on chelicera; no trichobothria on femora; 
maxillae nearly square; chitin over book-lungs not. conspicuously 
furrowed; spiracular furrow near spinnerets. Male not appreciably 
smaller than female, and having no specialized secondary sexual char- 
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acters other than of the palp. Male palp with short patella and tibia; 
cymbium with basal apophysis (vestigial paracymbium). Female 
genitalia with well chitinized atriolum, atrial openings leading into 
bursae. 

The subfamily comprises spiders building a domed orb-web, and 
laying a string of several egg-sacs. Males live in web of female as they 
approach maturity, probably never constructing orbs. 

Relationships within the family——The subfamily Allepeirinae is 
placed between the Metinae and the Argiopinae. It agrees with the 
Metinae in eye arrangement and the slightly furrowed chitin over the 
book-lungs. The proportions of the leg segments are different, the 
genitalia are more highly specialized, and the boss of the chelicera is 
more pronounced. In these characters, the Allepeirinae agree with the 
Arigiopinae, but differ in eye arrangement and in the slight furrowing 
of chitin over the book-lungs. Separation from the Tetragnathinae is 
demanded on several counts: the simplicity of genitalia in the latter, 
absence of cheliceral boss, presence of femoral trichobothria, and peculiar 
development of chelicerae and maxillae. Separation from the Araneinae 
is shown by the different proportion of leg segments in that subfamily, 
with stout spines, great sexual dimorphism, median eyes remote from 
lateral eyes, and the conspicuous furrows on the book-lungs. Other 
subfamilies of the Argiopidae (Theridiosomatinae, Nephilinae, and 
Gasteracanthinae) obviously are not closely related to the Allepeirinae. 

Because some of the habits of Allepeira lemniscata are so similar to 
those of Linyphia, it is tempting to consider the Allepeirinae a link 
between the families Argiopidae and Linyphiidae, as suggested by 
McCook (1889). This inference is untenable on morphological grounds, 
and questionable from the standpoint of evolution: it would derive a 
highly specialized argiopid from a highly specialized linyphiid ancestor. 
It seems more reasonable to believe that the construction of a dome web, 
by Linyphia and A. lemniscata, is a convergence of habit that has arisen 
independently in the two groups. Ancestors common to both families 
were very much more primitive organisms, and probably have been 
long extinct. 
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THE INSECT GUIDE, by Ratpu B. Swain. Doubleday and Company, Inc., 
Garden City, New York. xxxix+261 pages, 15 black and white and 48 
colored plates. 1948. Price, $3.00. 


This excellent manual, written with a minimum of technical terminology, 
should prove very useful to amateur entomologists, high school teachers and 
students, and professional workers alike. Though simply written, it is authori- 
tative. Dr. Swain, himself a well-trained entomologist, has attempted to 
eliminate errors so far as possible by submitting all parts of the manuscript, 
including illustrations, to specialists in the respective fields. 

he book is prefaced by a section defining an insect and giving the essentials 
of insect anatomy, together with miscellaneous useful information. The 
of the work is devoted to characterizations of the orders and principal families, 
with some information concerning life histories and economic importance, and 
with examples. Though popular names are given the prominent places throughout, 
scientific names are added for reference. Ene terminology of scientific names is 
that currently adopted by the Division of Insect Identification, Bureau of Ento- 
mology and Plant Quarantine, U. S. Department of Agriculture. The closing 
pages give directions for collecting and preserving insects, some more important 
references, and an index. 

Much credit should go to the illustrator, the author’s wife, SuZan N. Swain. 
The 175 families discussed are all illustrated at least once, and to make reference 
easy, the illustrations bear the same numbers as the corresponding families in the 
text. The accuracy in delineation and coloration and the artistry of the illustrator 
is highly commendable. 

here are no keys. The inside covers, however, show in tabular form the most 
mportant characteristics of the orders. This, together with reference to the 
‘Tinsteatlons, is designed to aid the student in making identifications.—M. T. J. 











A NOTE ON THE NESTING HABITS OF THE WASP, 
PEMPHREDON INORNATUS SAY 


PHIL RAU, 
Kirkwood, Missouri 


Two nests of the aphid-hunting wasp, Pemphredon inornatus Say' 
were found close together in the hollow, woody stems of a pink flowering 
Weigelia in my garden on June 10, 1945. Both nests belonged to one 
mother. When I came upon her, I found that she had completely filled 
one of the stems with cells and young, and while still holding the vesti- 
bule at the opening for her own home, had commenced to nidify in the 
other hollow stem near by. 

The young in the completed stem showed progressively greater 
stages of development from the top to the bottom. The two most 
recently built cells at the top contained larvae which evidently had 
only recently completed feeding; the central cells had quiescent larvae 
of various stages grading into pupae, while the lowermost two cells 
had full-grown pupae with pigmented eyes. All of this could easily 
be seen when the twig was split open. 

The fact that the top two cells had larvae that had finished feeding, 
rather than eggs or young larvae, indicates conclusively that the vesti- 
bule had been kept open for the purpose of accomodating the mother. 

There were 18 cells in the nest, the larger ones at the bottom and 
the smaller ones on top, as so often happens with Hymenoptera which 
regulate the sex of the progeny. The size of the cells, in sixteenths of 
an inch, in order from the bottom upward, were as follows: 6, 6, 6, 6, 
4, 6, 4, 5, 6, 5, 5, 4, 4, 4, 4, 4,4, 4. With only very few exceptions, the 
smaller cells were at the top and the larger ones at the bottom; theo- 
retically this means that female eggs in larger cells are deposited first, 
and male eggs in smaller cells later. But unfortunately, no record was 
kept to determine which sex emerged from the respective cells. From 
June 16 to 20, ten adults emerged. 

The larvae in this stem had all finished feeding when the nest was 
taken, and there was no food in the cells, but from the second stem, 
already mentioned, then early in the course of nest construction, there 
were two cells: and these were filled with aphids, which were later 
identified by Mr. P. W. Mason as A phis gossypii Glover. 








1Kindly identified by Dr. K. V. Kronbein. 








RECOVERY OF ANOPHELINE EGGS FROM NATURAL 
HABITATS, AN AID TO RAPID SURVEY WORK' 


THOMAS H. G. AITKEN, 
International Health Division of The Rockefeller Foundation 


Experience gained during the course of an anopheline survey of the 
island of Sardinia in the summer (May-August) of 1946 demonstrated 
the value of anopheline egg collections under natural conditions. Re- 
course was had to this method because limited time made it necessary 
to conduct the survey as rapidly as possible. Sardinia comprises a 
land area of roughly 9,300 square miles and a good seven tenths of it 
lies at 500 meters or higher. The Island has a population of about 
1,222,000 inhabitants, of which approximately 93 per cent live in the 
village centers. Rural habitations are rare except in a few localities, 
so that man-made shelters for house-haunting species of anophelines 
are few and far between, and even non-existent in certain regions. 
Prior to the survey, it was known that at least two members of the 
Anopheles maculipennis group had been reported from the Island, and 
inasmuch as these species are only readily classified in the egg stage it 
was necessary to have eggs in order to make the survey complete. 

Heretofore, a member of the maculipennis group usually has been 
demonstrated in a locality by collecting adult females and allowing 
them to lay eggs. This is generally an unsatisfactory method, as it 
means waiting from one to several days for the oviposition, providing 
the female does not die in the meantime. Moreover, if a widespread 
survey is being made and the base of operations is constantly moved 
around the countryside, only a small number of females can be collected 
from any one locality because of limited travel space in the vehicle; 
frequently under such conditions mortality rates are high. In sparsely 
populated areas, of which there are many in Sardinia, adult anophelines 
are extremely difficult to find. One can search for them under bridges, 
overhanging stream banks, grottoes, etc., but the returns usually are 
very small. Night collections also can be made, but in rapid survey 
work only a small portion of the countryside can be sampled in this way. 

Because of these difficulties, the writer investigated the possibility 
of searching for anopheline eggs in natural habitats. Preliminary 
observations had been made along this line by the writer in Corsica 
during the summer of 1944. This is by no means a new idea. Both 
Barber (1935) and Bates (1941) have resorted to this technique, but 
it appears to have received scant attention from most field workers. 
The former devised a white mitten of loose cloth which covered the hand 
and through which water collected in a dipper from a potential breeding 
place could be drained, leaving any eggs present stranded on the cloth. 





1The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
The Rockefeller Foundation with the cooperation of the Alto Commissariato per 
l'Igiene e la Sanita Pubblica of the Republic of Italy. 
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These were transferred to moist cotton in a vial by means of a blade of 
grass or dry twig and then studied in the laboratory. Bates followed 
essentially the same technique, except that he used an embroidery loop, 
holding a similar piece of loosely meshed cloth which had been marked 
off into squares to facilitate counting eggs. 

The disadvantage of the cloth method is that floating debris (sticks, 
plant seeds and stems) and algae may clutter up the cloth under certain 
situations and make the search for eggs unnecessarily difficult. The 
writer noted that by carefully examining the water in a dipper sample 
from a potential breeding place, it was possible to see the eggs floating 
on the surface. Once the size, shape and colors of the eggs have been 
properly registered in the mind, they are, if present, quite readily 
separated from floating debris. After an egg is found, it is fished out 
with a piece of straw, or preferably, the dried spiky leaf of wire grass 
(Eleocharis). The egg is examined with a hand lens (20X is a satis- 
factory magnification to use), and a tentative identification made. 
Then the egg is placed on a narrow strip of blotting paper soaked in 
2 per cent formalin and stored in a small glass vial. In our work, 
these vials (6 cm. x 1.7 cm., with screw caps) are prepared in advance 
and each inspector carries a good supply with him. Each vial contains 
a small strip of blotting paper, cut slightly longer than the length 
of the vial. The extra bit of paper is bent, so that when it is placed in 
the vial, the strip lies along one side of the vial and cannot flip over 
thus to permit eggs to adhere to the glass and become damaged. 
A small amount of formalin is always kept in the vials before use in 
order to insure that the blotting paper will be well saturated; at the 
time eggs are collected the residue is poured off so that the eggs do not 
float away from the paper. The final identification of the species is 
made later in the laboratory. 

The first attempts to locate eggs by the method described may result 
in failures, but once the eggs have been pointed out to the worker and 
he has become familiar with their size and color, he soon has little 
difficulty in finding them for himself. True, the eggs are very small, 
and the operation requires a person with good vision. However, the 
writer has had no difficulty in training his associates and inspectors in 
the technique. Egg collections are now routine in all of our survey 
work. 

The advantages of egg collections are that not only can one make 
immediate specific identifications in the field when it may be impossible 
to do so with just the larvae, but one can also frequently survey an 
uninhabited area successfully where adult anophelines are difficult to 
find. The method was invaluable in obtaining a quick picture of the 
anopheline population in Sardinia. That the technique was satisfactory 
is attested by the fact that of 546 dipping stations containing the 
immature stages of some member of the maculipennis group, 442 or 
81 per cent were positive for eggs and larvae, whereas only 104 (19 per 
cent) were positive for the larvae alone. Occasionally eggs were found 
in the absence of larvae (13 per cent of the total positive stations), or at 
times when Paris green had been dusted on the water and only first 
instar larvae were present. Our inspections were successful in recovering 
the eggs of A. labranchiae, A. melanoon, A. claviger and A. algeriensis. 
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The only species found in the absence of eggs was the uncommon 
hill-stream-inhabiting A. marteri. Species incidence, as determined 
in the original survey largely by the collection of eggs, was fully con- 
firmed during the next season’s studies when there was more opportunity 
to make other types of collections. We have found the eggs of A. 
labranchiae as early as March and as late as November. 

After seeing the effectiveness of this technique in Sardinia, it seems 
highly probable that it could be used to advantage in other parts of the 
world. For instance, in South America, where the classification of 
Nyssorhynchus species frequently requires eggs for confirming an 
identification, collections of eggs in the breeding areas should be of 
great assistance. The A. crucians group in North America is another 
anopheline complex which might lend itself to this sort of a study. 
Likewise, the investigation of A. pseudopunctipennis and its many 
varieties could possibly be advanced very rapidly through similar 
inspections; because it is an inhabitant of algal mats the collections of 
eggs from such sources is very easy. If one gets down on one’s hands 
and knees and examines an algal mat carefully, it is not at all uncommon 
to find numerous clusters of eggs (A. labranchiae) scattered over the 
surface of the mat. This type of macroscopic inspection is very handy 
in rocky stream beds where it is impossible to use a dipper. 

As pointed out by Swellengrebel and de Buck (1938), however, one 
should be very careful how one interprets egg collections from natural 
sources. In the Netherlands it was demonstrated that both A. airo- 
parvus and A. messeae (‘‘shortwings’’ and ‘“‘longwings’”’ of those authors) 
eggs could be found abundantly in breeding places of low salinity, but 
the resulting larval population (fourth instar) was almost entirely that 
of A. messeae. On the other hand, in salt water breeding places, A. 
atropartus maintained its dominance throughout.. However, keeping 
the eccentric habits of females in mind, it is felt that one can increase 
the qualitative results of a survey considerably by giving careful atten- 
tion to the search for eggs in the anopheline habitat. 
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Culex, subgenus Neoculex includes about twenty-five described 
species of mosquitoes from various sections of the world. They are 
distinguished by the following sum of characters: tarsi unbanded, scutal 
bristles strong and numerous, scales of vertex all narrow, male palpus 
without erect scale-like hairs on the “‘long’’ segment, male antennae 
without unusual processes, mesosome essentially of two lobes connected 
by a bridge about halfway between the base and apex. In the Nearctic 
species the male palpi are longer than the proboscis but in many exotic 
species the palpi are conspicuously shorter. The larvae are hardly 
separable on general characters from those of related subgenera, Moch- 
thogenes, Lophoceraomyia and Melanoconion. 

It has been assumed previously that Neoculex was represented in 
America north of Mexico by a single species, easily identified in the 
adult by the apical pale bands on the abdomen. While studying 
Californian specimens and comparing them with material from eastern 
United States it became apparent that several species were involved. 
Further collecting and examination of many specimens from other 
sections of the country revealed the presence of four well-marked 
species in the United States and a fifth in Mexico and Central America. 

Entomologists and institutions who have furnished material for study 
are Alan Stone (U. S. National Museum collection), E. S. Ross (Cal- 
ifornia Academy of Sciences collection), R. H. Beamer (University of 
Kansas collection), H. D. Pratt, J. Laffoon, B. Brookman, P. Galindo, 
W. Wirth, S. F. Bailey, Edgar A. Smith, B. T. Stevens, E. Seaman and 
R. H. Overbey. 

Types of the new species have been deposited in the U.S. National 
Museum; paratypes have been distributed to the first eight individuals 
listed above, to Cornell University, and to the University of California. 


Subgenus Neoculex Dyar 


Neoculex Dyar, 1905. Proc. Ent. Soc. Wash., 7: 45. Type: Culex territans, by 
original designation. 

Maillotia Theobald, 1907. A monograph of the Culicidae of the world, 4: 274. 
Type: Maillotia pilifera Theobald, by original designation. (Similar to 
territans, female only described; Algeria.) 

Eumelanomyia Theobald, 1910. A monograph of the Culicidae of the world, 
5: 114. Type: Eumelanomyia incons picuosa Theobald, by original designation. 
(Male palpus about five-sixths as long as proboscis and sparsely haired, 
Ashanti, West Africa.) 

Protomelanconion Theobald, 1910. A monograph of the Culicidae of the world, 
5: 462. Type: Protomelanconion fusca Theobald, monobasic. (Male palpus 
about five-sixths as long as proboscis and sparsely haired, Ashanti, West 
Africa.) 
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KEY TO ADULTS OF NEARCTIC NEOCULEX 


Diente elias, GUS Ss 5a i856 ak SE zh EERE CREE RS 2 
Sas Ne TI TONING ieee 356 iio o's dhe stephen AOS natn Ia Se ASG aw ee 5 
Terminal palpal segment with moderate to long hairs scattered along both 
sides an entn feces above Chak Gy TORS so iiss ccs cupeices once cues 3 
Terminal palpal segment without long hairs on outer side as seen from 
above, except sometimes one or two at base (figs. 10, 18)............... 4 


“‘Long”’ segment of palpus with long hairs extending back from apex a 
distance nearly equal to length of terminal segment; mesosome lobes 
connected by a sclerotized bridge; dististyle with numerous microsetae 
and a row of membranous lobes (figs. 1-5). ..............0.0-0 000s territans 

“Long” segment of palpus with long hairs extending back from apex a 
distance equal to about one-half length of terminal segment; mesosome 
lobes with a membranous connection; dististyle without numerous micro- 
setae or membranous lobes (figs. 11-14)... 2.2... 2... eee ee ee eee apicalis 

Abdominal segments V and VI broader than long; terminal palpal segment 
without long hairs on either side as seen from above, except one or two 
at base; thoracic integument straw-colored to light brown; basistyle 
with an irregular row of short hairs along inner margin below subapical 
Wee CR: BOI ind.decale ead ave cb tivenuwuwedien pants a aecaawies reevesi 

Abdominal segments V and VI longer than broad; terminal palpal segment 
with three or four long hairs on inner side as seen from above; thoracic 
integument dark; basistyle with a patch of long hairs on inner margin 


below subapical lobe (figs. 6-10). .......... 00. cece cece eee eee arizonensis 
Palpus about twice as long as flagellar segment IV as seen in lateral view; 
ventral pale stripe of hind femur complete...................eceeeeeees 6 
Palpus about three times as long as flagellar segment IV as seen in lateral 
view; ventral pale stripe of hind femur ending shortly before apex........ 7 
Pale scales of vertex ashy white; abdominal segment V of unengorged dried 
specimens about 1.3 times as broad as long...................05. territans 
Pale scales of vertex with a yellowish tinge; abdominal segment V of unen- 
gorged, dried specimens 1.5 to 1.7 times as broad as long............ reevesi 


Palpus usually with some pale scales at base of terminal segment and apex of 
subterminal one; upright forked scales of vertex pale to light brownish; 


scutal scales seldom in a sharply defined linear arrangement........ apicalis 
Palpus all dark; upright forked scales of vertex dark brown; scutal scales 
in a sharply defined linear arrangement......................-. arizonensis 


KEY TO PUPAE OF NEARCTIC NEOCULEX 


Submedian apical hair tuft of abdominal tergite II with about eleven strong 
straight branches from near base, tuft more than half as long as tergite III; 
lateroapical hair tuft of tergite VIII usually with six or seven branches 

arizonensis 

Submedian apical hair tuft of abdominal tergite II without strong straight 
branches or with fewer than eleven, tuft less than half as long as 
WANING BED 5 5.5 ines + ct pd aedtas ae ded Canes Deu eneeeenes nares aoe 2 

Submedian apical hair of tergite II weak, with a long stem, generally with 
three and not more than five branches, about one-third as long as tergite 
III; lateroapical hair tuft of tergite VIII usually with one to three 
BRMONOINOS 6 Wan. oie vines. <pineuine clues a down Sees ketten orate o aaeanien reevesi 

Submedian apical hair of tergite II stronger, with more than five branches, 
about two-fifths as long as tergite III; lateroapical tuft of tergite VIII 
qwinelay Wath Creed 00: five TAREE. qs. 5 hocks car cna rsrestunsdvucesaea 3 

Submedian apical hair tuft of tergite II with about fifteen to twenty-five, 
ee Pe Oe ee cee ee ee territans 

Submedian apical tuft of tergite II] with about seven to eight straight 
MUI sks iis Fea ae teodice eee abe teint eee uaa apicalis 


KEY TO LARVAE OF NEARCTIC NEOCULEX 


Upper and lower head hairs (C and B) usually double and equal in length 
and thickness; mesothoracic submedian hair (hair 1) about five branched 
and a little more than half as long as antenna; siphon apex about four- 
ninths basal siphon diameter; pecten teeth fringed at apex; most basal siphon 
hairs about three times basal diameter of siphon; siphon with a broad basal 
PING DAME CURIS Bly BOR Goa e Fie cen wameonen gk cegemeeend arizonensis 
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Upper and lower head hairs not of equal length and usually not both double; 
mesothoracic submedian hair less than half as long as antenna; siphon apex 
usually not less than half basal diameter; pecten teeth simple at apex; 
siphon without a broad basal pigmented band..................0.00005 2 

2. Abdominal segments with lateral pigmentation spots on II, III, V and VI 
(visible on whole larvae only); upper head hair (C) usually double and 
about two-thirds as long as lower head hair (B) which is single; most 
basal siphon hairs enclosed by pecten and about twice basal siphon 
OR hos itz chs on lend aban RK rue CORRE ERE E ORT ORD reevesi 

Abdominal segments with an even distribution of pigment spots........... 3 

3. Upper head hair (C) double or triple and about half as long as lower head 
hair (B) which is usually double; most basal siphon hairs not enclosed 
by pecten and about one-seventh as long as siphon; thorax densely pilose 
ee RD DC RONNIE CE, By OD oo ko Si oc e ccckesorvnw evs ncened apicalis 

Upper and lower head hairs (C and B) usually both single, upper about 
half to two-thirds as long as lower; most basal siphon hairs sometimes 
enclosed by pecten and one-sixth to one-third as long as siphon; thorax 
moderately spicular-pilose at 100 X magnification (figs. 19, 20)... .territans 


Culex (Neoculex) territans Walker 


(Figures 1-5, 19, 20) 
Culex territans Walker, 1856. Insecta Saundersiana, Dipt., 1: 428. Type: female, 
destroyed? (See systematics discussion below.) 
Culex saxatilis Grossbeck, 1905. Canad. Ent., 37: 360. Type: female, U.S. N. M. 
Culex frickiti Ludlow, 1906. Canad. Ent., 38: 132. Type: female, U. S. N. M. 
Culex apicalis Adams of Dyar and other authors, not of Adams. 
Female.—Palpus about twice as long as flagellar segment IV seen 
in lateral view. Upright forked scales of vertex light brown to medium 
brown, curved scales ashy white. Thoracic integument usually a rather 
light brown, scutal scales generally coppery but sometimes with a paler 
discal spot or pale lines; hind femur with a complete pale ventral stripe. 
Apical abdominal bands broadened beneath into spots which often 
extend length of segment. 


Male.—Palpus with long and dense hairing (fig. 5), long hairs at 
apex of ‘‘long’’ segment occupying a space nearly equal to length of 
terminal palpal segment, last two segments slightly more than half as 
long as proboscis. Thorax ground color usually a rather light brown, 
scutal scales mostly coppery and hair-like, sometimes paler but not 
shaggy. Dorsal abdominal bands tending to be triangular but some- 
times becoming obsolete beginning at sides; segments V and VI longer 
than broad. Genitalia (figs. 1-4): mesosome lobes connected near 
middle by a sclerotized bridge; basistyle moderately constricted at 
middle, hairs along inner margin below subapical lobe fine and short; 
subapical lobe with two strong, apically hooked setae which are about 
equal in length, five other setae of which three most apical have fine, 
backward-pointing spines; dististyle with numerous short hairs and two 
longer ones on expanded apical portion, and a row of membranous lobes 
at base of this area (seen with careful focusing and high magnification), 
apical tooth moderate. 

Larva (figs. 19, 20).—Antenna constricted at apical third, dark at 
base and beyond constriction, whitish between; head hairs (C and B) 
usually single but upper (C) sometimes double or triple and lower (B) 
rarely double, upper hair not more than three-fourths as long as lower. 
Mesothoracic submedian hair (hair 1) not more than one-third as long 
as antennal shaft, double to quadruple; thorax moderately spicular- 
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pilose at 100 X magnification. Submedian hairs of abdominal tergites 
I and II single or double and less than one-sixth antennal length; 
abdominal segments rather evenly pigmented. Siphon usually six 
to seven times its basal diameter, slightly inflated toward apex which is 
usually about two-thirds basal diameter; about ten scattered hairs, 
usually beyond pecten, basal ones usually pentad and one-fifth to one- 
third siphon length; pecten usually on basal one-third of tube, middle 
tooth usually tridentate. Lateral hair of anal segment very slender 
and double to quadruple, gills usually somewhat shorter than saddle, 
but ranging up to twice as long as saddle. 

Pupa.—Submedian hair tuft at apex of abdominal tergite II with a 
short stem which branches and rebranches into fifteen to twenty fine 
flagellae; tuft about two-fifths as long as tergite III. Lateroapical hair 
tuft of tergite VIII with an average of 3.8 branches (84 tufts examined 
from Georgia, Iowa and Alaska: 5 double, 28 triple, 32 quadruple, 16 
quintuple, 3 sextuple). 

Distribution.—United States west to the Rockies, Oregon, Washing- 
ton, Canada and Alaska. 

Material examined'——About two hundred adults and numerous 
larvae and pupae from the following localities: VERMONT: Jacksonville. 
Massacuusetts: Montgomery, Springfield, Wilbraham, Granby. NEw 
YorK: Hamburg, Buffalo. RHopE ISLAND: Kingston. MARYLAND: 
Plummer’s Island, College Park, Pokomoke. VIRGINIA: Williamsburg.* 
NortTH CAROLINA: New River.* GeorGIA: Brick Pits (larvae), Vogal 
State Park (larvae and pupal skins), Moody Field. FLoripa: Sanford, 
Ellyson,* Jacksonville, Rock Springs. Mussissipp1: Camp Shelby 
(larvae only). TExAs: Blanco,* Luling,* New Braunfels,* San Antonio, * 
Brazos Co. LourIsIANA: Camp Livingston (larvae). OKLAHOMA: 
Stillwater.* Missouri: Camp Crowder. Iowa: Ames* (including 
pupal skins), Polk Co., Orange City (larvae), Dubuque. MICHIGAN: 
Cheboygan Co. MINNESOTA: Wabasha. MONTANA: Glacier Natl. 
Park. OREGON: Gold Hill. WasHinGcTon: Hoodsport, Sumas. BRITISH 
CoLuMBIA: Pitt Mesa, Kaslo. ALAsKA: Anchorage* (including pupal 
skins), Fox,* Matanuska. 

Biology.—Larvae have been found most often in permanent ponds, 
permanent and intermittent marshes, and in grassy creek pools. They 
have also been reported from borrow pits, ornamental fish ponds, 
creekbed potholes and evanescent rain pools. They do not favor foul 
water and are often taken in association with species of Anopheles. 
They may be collected the year around in southeastern United States 
(Michener, 1945), from early March to late November in Arkansas 
(Carpenter, 1941), from late January to October in North Carolina 
(personal records), from April to September in Iowa (Rowe, 1942), and 
from the middle of May to early October in New Jersey (Headlee, 1945). 
There are several to many generations a year, limited only by cold 
weather. 

Smith (1904) and Headlee (1945) have suggested that in cold climates 
the winter is passed in the egg stage. This opinion is based on the 


‘Localities in this paper marked with an asterisk indicate that both larvae 
and adults have been examined. Otherwise, unless specified, only adults have 
been studied. 
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observations that egg boats disintegrate readily and sink, the eggs 
hatching under water; and on the lack of evidence that the female 
hibernates. Headlee (1945) reported the trapping of 3,394 females in 
New Jersey, none of which were hibernating. On the other hand, 
Howard, Dyar and Knab (1912) stated that the winter was passed by 
the female and cited the collection of females from rock crevices in 
March in the Washington, D.C. areaas proof. I have seen three females 
collected hibernating in an unfinished dwelling at Gold Hill, Oregon, 
December 21, 1947 by B. T. Stevens. 

Shannon (1915) first reported this species feeding on a frog. He 
collected females swarming about a bullfrog, Rana catesbeiana, in 
Virginia. Dyar (1928) gave the hosts as frogs and snakes. Matheson 
(1944) reported having yearly observed feeding on frogs. They have 
not been observed to attack man. 

Systematics—This species was called territans Walker in the earlier 
literature because the original description referred to apical abdominal 
bands and gave ‘‘United States’ as the type locality. Theobald (1901) 
redescribed the female type, stating that the apical bands were ‘‘very 
indistinct in the specimen”. He also cited ‘United States’ as the 
locality. Edwards (1932) raised doubt as to the identity of territans in 
the following statement, ‘‘Walker’s description of C. territans apparently 
indicates C. apicalis Adams, but the specimen in the British Museum 
labeled as the type is a flavescent abberation (female) of some species of 
the salinarius-group. It is possibly wrongly labeled, especially as it 
bears the label ‘Vvr’ (?= Vancouver) while the type was said to be from 
the United States’. Considering Walker’s and Theobald’s definite 
statements as to the abdominal banding and type locality, with neither 
of which the supposed type agrees, it seems best to apply /erritans to 
the most common and widespread species of the apicalis group and to 
assume that the type has been lost. In addition to being the logical 
solution for the species, this makes it possible to retain the subgenus 
Neoculex, for which territans was cited as the type. 

C. saxatilis was described from females reared from a rock-bottomed 
pool on Garrett Mt., New Jersey, and said to differ from territans by the 
“large size, dark colour, broadly banded abdomen and spotted thorax”’. 
The name frickii was based on females from Fort Snelling, Minnesota 
and said to differ from ferritans in “general coloration, in the ‘frosty’ 
submedian lines of the mesonotum, the light scales around the ‘bare 
space’, light scales on the scutellum, the much better developed apical 
abdominal bands, white bases and venter of femora, and the minute 





EXPLANATION OF PLATE I 


Male genitalic characters drawn with camera lucida in ventral view, side- 
pieces dissected and mounted separately; male mouthparts in dorsal view. Not 
drawn to scale. Figs. 1, 2 and 4, Montgomery, Massachusetts; fig. 3, Anchorage, 
Alaska. Fig. 5, Camp Crowder, Missouri. Figs. 6-10, Prescott, Arizona. 

Fics. 1-5. C. territans. Fig. 1. Sidepiece. Fig. 2. Dististyle in ordinary 
view. Fig. 3. Dististyle in oblique view. Fig. 4. Mesosome. Fig. 5. Male 
palpus and proboscis. 

Fics. 6-10. Paratypes of C. arizanensis. Fig. 6. Sidepiece. Fig. 7. Fila- 
ments of subapical lobe of basistyle. Fig. 8. Mesosome. Fig. 9. Paraproct. 
Fig. 10. Male palpus and proboscis. 
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spot at apex of tibia’. The spots and pale lines of the scutum in 
territans are subject to a great deal of variation, however, and both 
names appear to fall under ferritans. Theobald (1903) described 
sergentii from an Algerian female, and the description fits territans 
closely. The same can be said for pyrenaicus Brolemann (1919) based 
on both sexes from the French Pyrenees. I have not seen specimens 
from Algeria but I have studied larvae from Isle Porquerolles and Fos, 
France and a male genitalic slide from Mollaro, Italy’. These specimens 
are in poor condition but could represent terriians. 

Although the important specific characters of this species are rela- 
tively constant (form of palpi in both sexes, male genitalia, certain pupal 
hairs), there is considerable variation in markings of the scutum and 
abdomen, and in such larval characters as branching of dorsal head 
hairs, shape of the siphon and length of the siphon tufts. The dorsal 
head hairs are usually both single but one or both may be double, and 
rarely the upper hair may be triple. The siphon is usually shaped as in 
figure 19 but may be shorter or more constricted toward the apical one- 
third. Some Louisiana and Texas specimens have unusually short 
siphon tufts and those from Alaska are generally long. In various 
sections the siphon may have an indistinct, broad, pigmented band near 
the middle. Michener (1945) reported variation in this species from 
southeastern United States and showed a seasonal correlation. He 
concluded that a summer form with lighter pigmentation and with the 
siphon more slender and constricted could be separated from a winter 
form. Adults of the summer form were smaller, with lighter integument, 
more pale scales on the legs and reduced abdominal bands. Variation 
was also correlated with food supply, larvae from turbid pools being 
larger and darker than those from clear pools. 


Culex (Neoculex) apicalis Adams 
(Figures 11-14, 23, 24) 
Culex apicalis Adams, 1903. Kans. Univ. Sci. Bul. 2 (2): 26. Type: female, 

Univ. Kansas. 

Culex apicalis Adams of Freeborn, 1926. Univ. Calif. Publ. Ent. 3: 425. Male, 
female, larva (not figure of larva). 

Female.—Palpus about three times as long as flagellar segment IV 
seen in lateral view, usually a few whitish scales at base of terminal 
segment and apex of subterminal one; upright forked scales of vertex 
pale to light brownish. Thoracic integument brown to dark brown, 
scutal scales greyish, somewhat shaggy in arrangement, sometimes 
forming a central line and a curved lateral line; hind femur with a ventral 


2These European specimens were from the U. S. National Museum collection. 


EXPLANATION OF PLATE II 
Fig. 11, Winslow, Arizona. Fig. 12, Prescott, Arizona. Figs. 13, 15-18, 
Green Valley, Solano Co., California. Fig. 14, Oak Creek Canyon, Arizona. 
Fics. 11-14. C. apicalis. Fig. 11. Sidepiece. Fig. 12. Apex of sidepiece. 
Fig. 13. Mesosome. Fig. 14. Male palpus and proboscis. Figs. 15-18. Para- 
types of C. reevesi. Fig. 15. Sidepiece. Fig. 16. Apex of sidepiece. Fig. 17. 
Mesosome and tip of one paraproct. Fig. 18. Male palpus and proboscis. 
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pale stripe which is interrupted near apex. Apical abdominal bands 
usually broadened beneath into spots. 

Male.—Palpus moderately haired (fig. 14), long hairs at apex of 
“long” segment occupying a space not more than one-half as long as 
terminal palpal segment, last two segments slightly less than one-half 
as long as proboscis, some whitish scales usually present at middle of 
“long’”’ segment. Apical abdominal bands tending to be triangular, 
segments V and VI longer than broad. Genitalia (figs. 11-13): meso- 
some lobes connected by a membranous and unpigmented bridge; 
basistyle strongly constricted at middle, hairs along inner margin below 
subapical lobe fine and short; subapical lobe with two strong apically 
hooked setae of which the more basal is the longer and more crooked, 
six other setae of which the three most apical have fine, backward- 
pointing spines; dististyle with two distinct hairs, apical tooth moderate. 


Larva (figs. 23, 24).—Antenna constricted at apical fourth, dark at 
base and beyond constriction; unpigmented between; upper head hair 
(C) double or triple (usually triple from type locality) and about half 
as long as lower head hair (B) which is double or rarely single. Meso- 
thoracic submedian hair (hair 1) about one-third as long as antennal 
shaft, usually double; thorax densely pilose at 100 X magnification. 
Submedian hairs of abdominal tergite I and II single to triple and less 
than one-sixth antennal length; abdominal segments rather evenly 
pigmented. Siphon seven to eight times its basal diameter, very 
slightly inflated toward apex which is about five-ninths basal diameter; 
ten or eleven scattered hairs beyond pecten, basal ones usually quadruple 
and one-seventh to one-eighth siphon length; pecten on basal two-fifths 
of tube, middle tooth about four dentate. Lateral hair of anal segment 
usually double and fairly strong, gills usually shorter than saddle. 


Pupa.—Submedian hair tuft at apex of abdominal tergite II with a 
short stem which divides into seven or eight strong straight branches; 
tuft about two-fifths as long as tergite III. Lateroapical hair tuft of 
tergite VIII with an average of 4.3 branches (58 tufts examined from 
three localities in central California: 5 triple, 32 quadruple, 17 quintuple, 
4 sextuple). 


Distribution —Widespread in California at moderate and low 
elevations wherever there are shaded creek pools. It is also known 
from stream canyons in Central Arizona. 

Material Examined.—Two hundred and thirty adults and numerous 
larvae and pupae from the following localities: ARIZONA: Oak Creek 
Canyon* (including type female from University of Kansas), Prescott,* 
Winslow. CALIFORNIA: Humbolt Co.; Portola, Plumas Co.; Vina, 


EXPLANATION OF PLATE III 


Larval siphon and head characters. Siphons (figs. 19, 21, 23, 25) in lateral 
view, heads (right side only) in dorsal view. Figs. 19 and 20, Williamsburg, 
Virginia. Figs. 21 and 22, Prescott, Arizona. Figs. 23 and 24, Oak Creek Canyon, 
Arizona. Figs. 25 and 26, Green Valley, Solano Co., California. 

Fics. 19 and 20. C. territans. Figs. 21 and 22. C. arizonensis, paratype. 
Figs. 23 and 24. C. apicalis, topotype. Figs. 25 and 26. C. reevesi, paratype. 
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Butte Co.; Grass Valley and Nevada City, Nevada Co.; Placerville, 
Colfax and Auburn,* Placer Co.; Pacific Valley, Alpine Co.; Jackson, 
Amador Co.; Monticello,* Napa Co.; Green Valley,* Solano Co.; El 
Verano and Mt. St. Helena,* Sonoma Co.; Point Reyes and Alpine Lake, 
Marin Co.; Moraga Valley, Walnut Creek and Lafayette, Contra Costa 
Co.; Sunol, Alameda Co.; Soulsbyville and Sonora,* Tuolumne Co.; 
Palo Alto* and Alum Rock Park, Santa Clara Co.; Santa Cruz, Santa 
Cruz Co.; Pacheco Pass, Merced Co.; Elderwood, Springerville and 
Orosi (larvae), Tulare Co.; Kern River Cyn.,* Kern Co.; Ventura, 
Ventura Co. (larvae); Boquet Canyon, Los Angeles Co.; San Bernardino 
San Bernardino Co. (larvae); Campo and Mt. Palomar, San Diego Co. 

Biology.—The species has not been observed to feed upon man and 
according to Freeborn (1926) ‘““The females confine their blood meals to 
cold-blooded animals and possibly to frogs alone, these furnishing the 
only hosts that the writer has noted’. In the same paper Freeborn 
states that, ‘“The eggs are deposited in rafts above the water level. 
It has always been supposed that rising water submerged these eggs 
and caused their hatching. Yet, after early summer, when the breeding 
waters are gradually declining, all stages of larvae are constantly present, 
which would indicate that one of two possibilities happens. The 
larvae may be able to hatch without wetting and fall into the water 
below like tabanids, or, as the season grows drier, the attachment of the 
eggs may dry up until the eggs fall off into the water and the hatching 
ensues.” 

Regular observations were made during 1947 from January 2 through 
December 3 on the occurrence of apicalis in small streams of Solano and 
Napa counties. Larvae were first collected on April 8 and were mostly 
first and second instar. From April 26 through October 15 all stages 
were present in abundance in partially shaded streambed pools. Egg 
rafts were collected from the moist edges of pools on August 7 and 18. 
On November 4, after pools had been flushed by rain-swollen streams, 
only a few larvae, all mature, and a few pupae were collected. On 
November 19 no immature forms could be found but two females were 
collected in a stone culvert about 0.5 mile from the nearest breeding 
source. On December 3 another female was taken at the same place. 
Although evidence is scanty, it appears that the species passes the 
winter as adult females in hibernation. 

Associated species in California are usually Anopheles punctipennis 
(Say), Culiseta incidens (Thomson), Culiseta maccrackenae Dyar and 
Knab, and Culex reevesi R. Bohart. Near Prescott, Arizona it occurs 
with Culex arizonensis R. Bohart. 

Systematics—The male palpi and genitalia appear to be diagnostic. 
Female specimens with definite scutal stripes may be confused with 
arizonensis except for the markings of the hind femora. In the larva 
the principle difference from fterritans is the greater development of 
microsetae on the thorax. This is readily appreciated by comparison 
but can be misunderstood when only one species is examined. In 
apicalis the siphon averages somewhat more slender and the tufts are 
shorter. The head hairs of apicalis are usually more divided but this 
is subject to variation. Twenty-six larvae were selected at random 
from two localities in California and two in Arizona. Of the upper head 
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hairs (C) twenty-four were triple and twenty-eight were double; of the 
lower head hairs (B) fifty-one were double and one was single. 


Culex (Neoculex) arizonensis, new species 
(Figures 6-10, 21, 22) 


Female.—Length of wing 4.0mm. Vertex with white curved scales, 
a lateral spot of white and black broad appressed scales, median area and 
nape with dark brown upright forked scales; mouthparts dark, palpus 
about three times as long as flagellar segment IV as seen in lateral view. 
Scutal integument dark brown, a broad central line of whitish scales 
reaching to antescutellar space and then forking, a submedian dark 
stripe of equal breadth bearing a few minute purplish scales, fossal area 
mostly covered with pale scales which extend backward in two lines of 
which the inner is narrow and the outer is broad; scutal bristles strong 
and dark; scutellum with narrow curved pale grey scales; postscutellum 
dark brown; anterior pronotal lobe with some pale broadened scales; 
posterior pronotal lobe with a few curved scales only, sternopleuron 
with two large patches of pale scales and mesepimeron with one patch, 
one lower mesepimeral bristle; wing dark scaled; halter knob with pale 
scales; femora with a broad pale line beneath on basal five-sixths only 
of hind femur; tibiae and tarsi dark. Abdominal tergites with apical 
whitish bands which are scarcely broadened beneath, venter greyish 
white. 

Male.—Length of wing 3.5 mm. Palpus with sparse and relatively 
short hairs, “‘long’’ segment with a few erect hairs near apex, last two 
segments together about two-fifths as long as proboscis, last segment 
with three or four moderate hairs on inner side and one or two toward 
base of outer side. Scutal pattern nearly as distinct as in female. 
Abdominal segments V and VI longer than broad. Genitalia moderately 
stout, not much exserted; mesosome narrowly but distinctly bridged, 
broad and with many tubercles at apex; basistyle rather stout, with 
numerous long hairs in a patch on inner margin below subapical lobe; 
latter with two strong, spoon-shaped setae of which basal one is slightly 
longer, and seven filaments of which apparently only middle one has a 
few backward-pointing spicules; dististyle with two bristles. 


Larva (description based on thirty-seven paratypes)—Antenna 
constricted and tufted at apical third, dark at base and toward tip, 
light brown between; upper and lower head hairs (C and B) double, 
equal, about one-third longer than antennal shaft, slender and single; 
clypeal spine slender, light brown; mentum with about fifteen teeth. 
Shoulder hairs 1, 2, 5 and 6 single, 3 usually triple, 4 double, 7 usually 
triple; mesothoracic submedian hair (hair 1) slightly more than half as 
long as antennal shaft, with four to seven branches; thorax densely 
pilose at 100 X magnification. Submedian hairs of abdominal tergites 
I and II triple to octuple, those on II about one-third as long as antennal 
shaft; abdominal segments rather evenly pigmented. Comb of about 
fifty-five apically fringed teeth in a patch; third pentad with eight to 
eleven branches, fifth pentad with three or four branches; siphon about 
seven times its basal diameter, not appreciably inflated at apex which is 
about four-ninths basal diameter, basal one-fourth darkened; about 
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twelve scattered, double to quadruple siphon hairs, basal one sometimes 
within pecten and about one-third siphon length, apical ones small; 
pecten with about fifteen apically fringed teeth located on basal fourth 
of siphon, middle tooth four to five dentate. Gills slightly longer than 
saddle, very slender; lateral hair of anal segr-ent double, outer caudal 
hair single, inner caudal hair usually quadruple. 

Pupa.—Submedian hair tuft at apex of abdominal tergite II with 
ten to twelve strong branches from the base, about two-thirds as long 
as tergite III. Lateroapical hair tuft of tergite VIII with an average 
of 6.5 branches (16 tufts examined: 1 quintuple, 7 sextuple, 7 heptuple 
and 1 octuple). 

Type (U.S. National Museum No. 58662).—Male, 8 miles S. E. 
Prescott, Arizona, August 25, 1947, reared from larvae in shaded creek- 
bed pool (R. Bohart). Paratypes, 69 males, 62 females and 48 larvae 
collected with the type. 

Other Material Examined.—Males and females, Prescott, Arizona, 
June and July, 1934 (CCC Survey); male, Wolf Creek near Prescott, 
Arizona, July 27, 1939 (W. C. Reeves). 

Biology.—The type series was collected from creekbed pools shaded 
by a bridge and by oak trees. The pools were teeming with larvae, 
most of which were arizonensis in all stages and a few of which were C. 
apicalis. Adult females were numerous about the pools but did not 
attempt to bite. 

Systematics —The reduced hairing of the male palpus, the stout 
basistyle and the long siphon tufts indicate a relationship with reevesi 
R. Bohart. Good recognition characters are the distinct scutal lines in 
the adult and the equal, double head hairs of the larva. However, 
occasional specimens of ferritans and apicalis have distinct scutal lines, 
and the larval head hairs may be subject to variation in other localities 
where arizonensis may be found. Most diagnostic are the long hairs 
of the inner margin of the basistyle in the male, the fringed larval pecten 
teeth, and the submedian hair tuft of tergite II in the pupa. The dark 
basal band of the siphon is slightly variable and occasional specimens 
have the siphon dark throughout. 


Culex (Neoculex) reevesi, new species 
(Figures 15-18, 25, 26) 


Female.—Length of wing 3.5 mm. Vertex with brownish-yellow 
curved scales, a lateral spot of pale broad appressed scales, median area 
and nape with light brown upright forked scales; mouthparts dark, 
palpus about twice as long as flagellar segment IV as seen in lateral 
view. Scutal integument medium brown, scales mostly minute and dark 
coppery, a pair of lighter scale spots near middle of scutum (sometimes 
indistinct); scutal bristles strong and dark; scutellum with minute 
yellowish curved scales; postscutellum light brown; anterior pronotal 
lobe with some pale broadened scales, posterior pronotal lobe with a few 
curved scales only, sternopleuron with two large patches of pale scales 
and mesepimeron with one patch. One lower mesepimeral bristle; 
wing dark scaled; halter knob with pale scales; femora with a complete 
broad pale line beneath, tibiae and tarsi dark. Abdominal tergites 











1948] Bohart: Subgenus Neoculex in America 343 


with apical bands of yellowish scales which are broadened into spots 
beneath, venter pale yellowish. 

Male.—Length of wing 3.0 mm. Palpus with sparse and relatively 
short hairs, ‘‘long’’ segment with erect bristles at extreme tip only, last 
two segments together about two-fifths as long as proboscis, last segment 
with a few moderate hairs toward base on inner side. Scutal scales 
minute and coppery, discal spots barely visible. Abdominal tergites 
with narrower bands than in female, segments V and VI broader than 
long. Genitalia stout, not much exserted; mesosome broadly bridged, 
narrow and with relatively few projections at apex; paraproct with 
stout and blunt teeth; basistyle short and stout, with some moderate 
hairs along inner surface, subapical lobe (figs. 15, 16) with six slender 
filaments of which three most apical are barbed; dististyle with two 
bristles. 


Larva (description based on forty-two specimens from Napa, Solano, 
Merced, Tuolumne and Plumas Counties, California).—Antenna 
constricted and tufted at apical third, dark at base and toward tip, 
nearly colorless between; upper head hair (C) double or rarely triple 
and about two-thirds as long as lower head hair (B) which is single 
and about one-fourth longer than antennal shaft, d slender and single; 
clypeal spine slender, light brown; mentum with about fourteen teeth. 
Shoulder hairs 1, 2, 5 and 6 usually single, 3 single to quintuple, 4 single 
or double, 7 double or triple; mesothoracic submedian hair (hair 1) 
double to quadruple, usually triple, one-third to two-fifths as long as 
antennal shaft; thorax moderately spicular-pilose at 100 X magnification. 
Submedian hairs of abdominal tergites I and II double to quintuple, 
about one-eighth as long as antennal shaft; abdominal segment IV 
unpigmented in contrast to other segments (most evident in living 
specimens). Comb of about fifty apically fringed teeth in a patch; 
third pentad with seven to nine branches, fifth pentad with two or three 
branches; siphon about six times its basal diameter, about ten scattered, 
double to quadruple siphon hairs, basal one about one-third siphon 
length, apical ones small; pecten with ten to seventeen teeth, apical ones 
usually irregularly spaced and enclosing basal siphon tuft, middle tooth 
two to three dentate. Gills from one-third (type locality) to one and 
one-half times as long as saddle, depending upon locality; lateral hair 
of anal segment double or single, outer caudal hair single, inner caudal 
hair triple to quintuple. 

Pupa.—Submedian hair tuft at apex of abdominal segment II weak, 
with three or rarely four to five branches on a relatively long stem, 
about one-third as long as tergite III. Lateroapical hair tuft of tergite 
VIII with an average of 2.0 branches (140 tufts examined: 26 single, 
92 double, 21 triple and 1 quadruple. 


Type (U.S. National Museum No. 58663).—Male, 1 mile S. Mont- 
icello, Napa Co., California, October 8, 1947, reared from larva in shaded 
creekbed pool (R. Bohart). Paratypes, 31 males and 44 females, same 
locality as type, October 8 to November 4, 1947; 16 males and 21 females, 
Green Valley, Solano Co., California, August 29 (H. E. Cott and R. 
Bohart) and September 12 (R. Bohart), 1947, reared from larva in 
shaded pools near creek. 
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Other Material Examined.—CALIFORNIA: Canyon Dam* and Blair- 
sden,* Plumas Co.; Vina, Butte Co.; Auburn, Placer Co.; Lake Tahoe, 
El Dorado Co.; Sebastopol, Sonoma Co.; Conn Lake,* Napa Co.; 
Stockton, San Joaquin Co.; Sonora,* Tuolumne Co.; Palo Alto, Santa 
Clara Co.; La Honda (larvae), San Mateo Co.; Watsonville, Santa 
Cruz Co.; Snelling,* Merced Falls* and Yosemite Valley, Merced Co.; 
Monterey,* Monterey Co.; Visalia and Orosi,* Tulare Co.; San Diego, 
San Diego Co. 

Biology.—The larvae occur in partially shaded streambed pools and 
along creek margins where there is an abundance of vegetation. They 
are often, but not always, associated with Lemna. On April 29, 1947, I 
collected them with Aedes fitchii (Felt and Young) and Anopheles 
freeborni Aitken in an open, reedy, algal pool near Crescent Mills, 
Plumas County. On the same day others were taken with Aedes 
increpitus Dyar in a pinecone-filled pool from melting snow near Canyon 
Dam, Plumas County. Both localities are about 5,000 feet in elevation. 
Other records from moderate to low elevations in the Sierras include 
dates from May to July. At low elevations and in southern California, 
records are mostly from August to November, from drying streams. 
Here the larvae are usually associated with C. apicalis and may become 
abundant. Where both Neoculex species occur together, reevesi is 
readily distinguished by the speckled appearance of the abdomen, the 
shorter siphon and the more nearly horizontal position of the body at the 
surface of the water. C. reevesi larvae are much more shy than those of 
apicalis and, when disturbed, will lie for long periods on the bottom. 
Nothing is known of the adult habits. 

Systematics—This species has generally been confused with apicalis 
by previous workers. What appears to be the same mosquito was 
described in manuscript in 1943 by Pedro Galindo in his unpublished 
Master’s Thesis on the genus Culex in California. I am glad to follow 
Mr. Galindo’s suggestion (in a letter) that I describe the species and 
name it after Dr. W. C. Reeves of the Hooper Foundation, San Fran- 
cisco, in recognition of his numerous contributions to our knowledge of 
California Culicidae. 

C. reevesi can be recognized in its various stages by the characters 
given in the key. The female is sometimes difficult to distinguish from 
that of ferritans, but reevesi is smaller, has the pale markings somewhat 
yellowish, and has a stouter abdomen. The light color of the thoracic 
integument is striking in many examples but is subject to considerable 
variation. The dorsal abdominal bands may be reduced to lateral spots 
in both sexes but this does not appear to be of geographical significance. 
The length of the larval gills is fairly constant in any one area but varies 
greatly between areas. For example, a series of specimens from two 
localities in Plumas County at an elevation of about 5,000 feet all have 
gills much longer than the saddle; a series from three foothill localities 
in Merced and Tuolumne Counties have the gills about three-fourths as 
long as the saddle; and specimens from several localities in Napa and 
Solano Counties have the gills from one-third to one-half as long as the 
saddle. The head hairs are relatively constant. In forty-one specimens 
from various localities four upper head hairs (C) were triple and seventy- 
eight were double. All eighty-two lower head hairs (B) were single. 
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Culex (Neoculex) derivator Dyar and Knab 
Culex derivator Dyar and Knab, 1906. Jour. N. Y. Ent. Soc., 14: 216. 


The range of derivator is reported to be Mexico and Costa Rica. I 
have studies specimens of adults and larvae from Bambito, Chiriqui, 
Panama which appear to be this species. They were sent to me by Mr. 
Pedro Galindo who reared the larvae from streambed pools. The male 
palpus is similar to that of ferritans, whereas the female palpus is long 
as in apicalis. The abdominal tergites have lateral apical spots only, as 
in some specimens of ferritans and reevesi. The male genitalia are 
similar to those of apicalis except that the mesosome lobes are connected 
by a slender sclerotized bridge. The larvae combine characters of 
several other species. As in arizonensis, the head hairs are double 
and nearly equal, and the pecten teeth tend to be apically fringed. 
However, the siphon has no broad basal pigmented band. As in 
apicalis, the mesothoracic submedian hair is less than half as long as 
the antenna, and the siphon hairs are fairly short. 
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STUDIES ON THE BIOLOGICAL REQUIREMENTS OF 
THE CAT FLEA 


W. N. BRUCE, 


Illinois Natural History Survey, 
Urbana 


INTRODUCTION 


This paper is the result of a series of studies on the nutritional and 
environmental requirements of the cat flea, Ctenocephalides felis Bouché, 
made in an effort to determine some of the fundamental biological 
necessities of the species. 

Some valuable information was gleaned from a review of literature, 
although no real study could be found on the nutritional and environ- 
mental requirements of the cat flea larva; or as a matter of fact, of any 
species of flea. A study by Sikes (1931) on the rat flea Orchopeas 
howardi Baker, indicated that larvae of this species developed best in a 
dried blood and sand mixture in equalibrium with a relative humidity 
of 80 per cent at 21° C. Sikes found that no larval survival occurred 
at humidities below 70 per cent. All of his trials showed low survivals 
even with the most favorable conditions. On an average only 24.2 
per cent of the larvae matured in an atmosphere of 80 per cent relative 
humidity. The best single trial had a maturity of 18 of 25 larvae or 
72 percent. Sikes also found the rat flea larva was not specific in regard 
to the origin of the dried blood used. Rifenburgh (1927) used an ex- 
cellent method of obtaining flea eggs from dogs. The animals were 
housed in cages which possessed a hardware cloth floor. Beneath the 
floor was spread a piece of paper onto which the flea eggs and debris fell. 
Eggs were sifted from the debris and placed into small crystallizing 
dishes with finely chopped rat feces. Leeson (1932) reared flea larvae 
of several species of rat flea from eggs secured from mice. The larvae 
were reared at 74° F. in a moist incubator. Parman (1923) indicated a 
temperature of 70°-80° F. was desirable for rearing the larvae of the 
hen flea, Echidnophaga gallinacea Westwood, on food derived from the 
floor dust of the hen coop. 

From these few facts the author made his plans for experiments on 
the cat flea larvae to determine the limiting environmental elements 
and the conditions needed for maximum maturity of the cat flea larvae. 
The dietary studies were conducted to find some of the essential com- 
ponents in the larval diet, and thereby improve the nutrition of the 
larvae. 


TECHNIQUE OF STUDY 
Since this was to be a method for use in laboratories a reasonable 
number of fleas had to be reared on a small amound of food within 
laboratory containers. Therefore, a convenient 9 cm. petri dish was 
selected for rearing flea larvae. The practical measure of efficiency in 
the various experiments was the number of larvae that could be reared 
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to maturity from 100 viable eggs; the maximum size attained by the 
larvae; and also the length of larval stage in days. Eggs for all tests. 
were procured from a large sheet of paper which was placed beneath 
the hardware cloth floor of a cat cage. Two cats were found adequate 
to supply 1,000 to 3,000 eggs daily. The eggs which fell from the cats 
onto the underlying paper were sifted through two screens (14 mesh 
and 38 mesh) and retained on the third and finest screen (48 mesh). 
The material in the third screen usually contained about 85 to 90 per 
cent eggs, the remaining 10-15 per cent being skin scales, debris, and 
flea feces. A convenient method was found for obtaining only fertile: 
eggs for the cultures. Eggs were incubated for 24 hours, or until the 
developing embryo could be detected with the aid of a binocular micro- 
scope. Thus with the use of a small aspirator and a binocular micro- 
scope 100 viable eggs in the same stage of development were selected 
for each petri dish. A simple aspirator was developed by the author 
for creating a vacuum which was needed to operate the tiny collecting 
mechanism used to pick up the eggs. The aspirator consisted merely 
of a glass T tube with a smaller glass capillary tube fitted into one half 
of the top of the T. The capillary tube was connected to an air pressure 
tap. This simple gadget operates on about the same principle as does 
the common laboratory water aspirator. All foods used were ground 
to a powdery state in a small ball mill. The sand, used as a substrate, 
was first washed in concentrated HCl and then fired in a crucible. 
This removed soluble salts and destroyed all organic matter that might 
have contaminated the fine sea sand. A temperature of 80° F. and an 
atmospheric relative humidity of 80 per cent were arbitrarily selected 
for all experiments except those where a study of temperatures and 
humidities were made. The affecting variables studied were in order 
as follows: quantity of dried blood, quantity of sand, amount of dried 
brewer’s yeast, crowding effect, diameter of rearing dish, temperature, 
humidity, food materials, essential dietary components, and synthetic 
diets. 


EXPERIMENTAL RESULTS 


1. Relationship of Quantity of Food to Development.—The first 
information sought was that on the quantity of dried beef blood most 
desirable for rearing 100 larvae ina petridish. In each test, the amount 
of powdered dry blood was 25, 50, 100, 200, 400, 800, 1600, and 3200 mg., 
respectively, mixed with washed sea sand varying from 0.125 to 16.0: 
grams. The results of these tests indicated that with a mixture of one 
part of blood in five parts of sand by weight, at least 800 mg. of blood 
was required for rearing the maximum number of larvae from 100 viable 
eggs. 

Competition for food was apparently keen among larvae where 
less than 400 mg. of dried blood was used. Even where none of the 
larvae reached maturity, only a small part of the food was consumed. 
This would lead one to believe that feeding was a chance occurrence, 
and that increasing the amount of food increased the chance that 
some or all of the larvae would feed sufficiently to reach maturity. 
With insufficient food the minimum number of days for larval maturity 
was nearly doubled, besides producing slightly smaller individuals. 
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This may be explained by the fact that with less food the larva spent 
more time in search of food in order to reach the required prepupal size. 

It would seem apparent that at least 800 mg. of dried blood per 
petri dish is desirable to produce a maximum number of fleas from 100 
eggs in the shortest possible time. Therefore, 1 gram of dried powdered 
food per 100 eggs was used in succeeding experiments. 

2. The effect of Various Amounts of Sand Upon Larval Development. 
Seven tests were run to find what ratio of sand to blood would be most 
desirable. In each test 100 viable eggs were placed in a petri dish with 
1 gram of blood and 0.0, 0.5, 1.0, 2.0, 4.0, 8.0, and 16.0 grams, respec- 
tively, of sand. 

From the results it seemed apparent that the scope of the experiment 
on the quantity of sand was bounded on one side by the inability of the 
larvae to properly feed and pupate in the crowded environment of no 
sand, and on the other side by the inability of the larvae to find the 
food in too much sand. The highest per cent maturity occurred with 
media containing 1 to 8 grams of sand per petri dish. Four grams of 
sand for each gram of dry food was selected as a desirable quantity for 
the following experiments. 

3. The Effect of Yeast Upon the Development of the Flea Larvae. 
Because that brewer’s yeast is often used to promote growth in lab- 
oratory insects, a series of eight diets containing 1 gram of desiccated 
beef blood with 0.0, 10.0, 50.0, 100.0, 200.0, 400.0, 800.0, and 1600.0 mg. 
of brewer’s yeast were formulated. The usual 100 eggs and 4 grams of 
sand were placed in each diet to determine the quantity of yeast most 
beneficial to growth. The per cent survivals for these tests were 
75, 78, 95, 81, 75, 69, and 65, respectively. It would appear from the 
data obtained that 50 to 100 mg. produced the greatest influence on 

‘rate of larval growth and the number to reach maturity. 

Too much brewer’s yeast was apparently detrimental to larval 
development. Perhaps the larvae in the presence of much yeast ate 
it in exclusion of the blood and thus had an unbalanced diet. It is 
logical to assume that the dried blood was lacking in some growth 
promoting substance which the brewer’s yeast supplied. The dried 
beef blood used in these experiments was prepared by baking whole 
blood in an oven at 210° F. for at least 24 hours or until all free water 
had evaporated. Undoubtedly this heating would inactivate or change 
certain vitamins or other growth promoting substances, and thus made 
the whole dried blood deficient in these materials. In any event, the 
addition of about 5 per cent by weight of brewer’s yeast proved to be 
most beneficial in this experiment. 

4. The Crowding Effect on Flea Larvae. Eight tests were made to 
determine how many fleas could be reared in a 9 cm. petri dish, when 
food material was increased proportionally to the number of eggs, 
without materially affecting the survival. 

The per cent survivals for the containers having 10, 25, 50, 100, 200, 
400, 800, and 1,600 larvae were, respectively, 100, 85, 96, 97, 85.5, 77.25, 
50.1, and 32.3. These results are not easy to explain unless the physical 
nature of the media and the feeding habits of the larvae are considered. 
The greater density of the media and the apparent preference of the 
larvae to feed in the top stratum probably caused enough competition 
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(crowding) to lower survival in the petri dish containing the greatest 
depth of media and proportionally the smallest top surface area per 
larva. It was apparent from the results that the condition referred to 
as crowding existed when more than 200 individuals were reared in a 
9 cm. diameter petri dish. 

5. Effect of Container Size on Larval Growth. Another ramification 
was a study of the influence of a change in the diameter of a container 
upon the per cent maturity from 100 eggs. The diet used consisted 
of 1 gram desiccated beef blood and four grams of sand with 50 mg. 
yeast, and was placed in 1, 2, 5, and 10 cm. diameter containers. Here 
again, as in the previous experiment, the tendency of the larvae to feed 
in a certain stratum of the media may explain their low survival of only 
12 per cent in the smallest container. The 2, 5, and 10 cm. diameter 
container had 89, 99, and 96 per cent survival, respectively. 

6. The Influence of Temperatures on Flea Larval Development. 
The results thus far had indicated that the environment of 80° F. and 
80 per cent relative humidity was quite satisfactory; but to dispel any 
doubts, four cultures were prepared and subjected to temperatures of 
70, 80, 90, and 100° F. having the humidity constant at 80 per cent 
relative. These tests used what was called a standard culture, that is, 
a culture containing 1 gram desiccated beef blood, 4 grams of sand, 
50 mg. of brewer’s yeast, and 100 viable flea eggs. 

The rate of growth of larvae at 90° or 100° F. was nearly twice as 
fast as at 70° F. The survivals for 70, 80, 90, and 100° F. were 90, 
98, 99 and 34 per cent, respectively, and the minimum days to reach 
maturity were 9, 5, 4, and 4, respectively. Low survival at 100° F. 
may have been in part caused by the growth of mold over the surface 
of the dried blood which excluded and competed with the larvae for food. 

7. The Influence of Humidities Upon Flea Larval Development. 
When the temperature was held constant at 90° F. and the relative 
humidity varied by Buxton’s method (1931) from 35 to 100 per cent, 
data were obtained as follows: For 35, 40, 45, 95, and 100 per cent 
relative humidities no survival occurred; the survivals with relative 
humidities of 50, 55, 60, 65, 70, 75, 80, 85, and 90 per cent were respec- 
tively 24, 77, 79, 91, 99, 98, 99, 96, and 88 per cent. The results might 
indicate that the larvae of the cat flea are adapted to growth in a wider 
range of humidities than the rat flea which, as reported by Sikes (1931), 
would not grow with less than 70 per cent R.H. in equilibrium with the 
dried blood. At 50 per cent relative humidity, the rate of development 
was 2 to 3 times as long (12 days) as that of favorable humidities (4-5 
days). It is not clear why the low humidity should lengthen the larval 
stage, but it follows other observations that unfavorable environmental 
factors reduce maturity and/or prolong the larval period. Excessive 
moisture of 95 to 100 per cent relative humidity produced such heavy 
molds upon the food that no larvae survived. 

The data on the effects of temperatures and humidities did not cause 
a change in the remaining experiments with regard to temperature or 
humidity. The remaining described experiments used an atmospheric 
environment of 80° F. and 80 per cent relative humidity. 

8. Nutritional Studies With Flea Larvae. The following experiment 
was performed to find, if possible, a better larval food and some of the 
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essential components in the diet of the flea larva. 
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Table I shows the 


results of a number of test foods with three columns which indicate by 
a + or — the presence or absence of a quantity of food supplement. 
The purified vitamin-free casein (Bacto), the blood albumin (Merck), 
lactalbumin (Merck), celluflour (Bacto), glucose, agar agar (Merck), 


One Gram Food 


Casein 


Lactalbumin 


Dried Milk. 
Swift's dog food. 
Cellufiour 


Agar agar 


Gelatin 

Brewer's yeast 

Yeast cake 

Dried mammalian 
Blood 

Dried beef blood. 


Desiccated red 
blood corpuscles... 

Dried blood 
Albumin 


« 


Hemoglobin 


« 


Fibrin 


Synthetic diet. 





10 mg. 
Glucose 





50 mg. 
Brewer's 
Yeast 


ee ey 








gelatin (Merck), fibrin (Merck), and hemoglobin (Merck) 


TABLE I 


VALUE OF VARIOUS NUTRITIVE COMBINATIONS TO THE FLEA LARVAE 


40 mg. 

of Salt Per Cent 
Mixture Maturity 

0 

+ 12 

+ 52 

0 

0 

+ 80 

0 

+ 88 

0 

” 

23 

0 

+ 16 

- 0 

+ 0 

0 

+ 0 

35 

20 

62 

85 

+ 100 

+ 92 

52 

89 

96 

+ 88 

68 

+ 84 

| 16 

} | 100 

+ 98 

+ 0.0 

+ 0.0 

+ 0.0 

. 61 














Maximum Size Minimum 
_ —1| Days to Reach 
Length | Width Maturity 
1.8 23 
3.5 45 11 
3.55 47 12 
2.2 30 
2.4 31 
3.9 48 12 
1.6 24 
4.0 50 8 
2.7 25 
3.55 46 6 
3.7 47 7 
3.1 35 
3.6 47 12 
1.5 16 
2.2 19 
1.4 18 
3.4 32 
4.0 49 13 
3.5 46 10 
4.1 50 7 
4.1 52 8 
3.8 53 4 
4.0 51 5 
3.8 48 | 5 
4.2 55 4 
4.1 54 | 4 
3.9 50 4 
3.8 48 9 
3.8 | 49 5 
3.7 46 19 
3.9 49 4 
3.9 49 8 
3.1 40 
2.9 39 
3.0 39 
3.8 49 | 7 


were all of 


high purity. Commercial grades of dried milk, brewer’s yeast (Anheuser- 
Busch, Inc.), Swifts’ dog food, and dried mammalian blood were incor- 
The salt mixture was prepared by the author 


porated in some diets. 


to resemble quantitatively the ionic concentrations in human blood. 
The mixture contained 0.5 grams of calcium chloride, 1 gram of mono- 
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bacic potassium phosphate, 2 grams magnesium sulfate, 2 grams ferric 
citrate, 0.2 grams copper sulphate tetra amine, and 12 grams sodium 
chloride. These salts were intimately mixed in a ball mill as were all 
food mixtures in the nutritional studies. In addition to the experi- 
mental diets indicated above, some not very successful trials were made 
with completely synthetic diets composed of 24 amino acids (Eastman), 
vitamins, glucose, lipids, and salts. The composition of the amino 
acid mixture was as follows: 20 mg. glycine, 60 mg. alanine, 80 mg. 
valine, 180 mg. leucine, 80 mg. iso leucine, 80 mg. proline, 10 mg. 
hydroxyproline, 78 mg. phenylalanine, 220 mg. glutamic acid, 41 mg. 
aspartic acid, 20 mg. serine, 65 mg. tyrosine, 23 mg. cystine, 50 mg. 
histidine . HC1, 64mg. arginine . HC1, 193 mg. lysine . HC1, 23 mg. 
tryptophane, 35 mg. methionine 1.20 mg. dl-threonine, 40 mg. hydro- 
xyglutamic acid, 20 mg. cysteine, 20 mg. 3.5—1—ditiodotyrosine, 
20 mg. dl-amino-n-valeric acid, 20 dl-amino-n-butyric acid. The 
proportions of amino acids were arbitrarily selected to simulate those 
by Womack and Rose (1936) in the study of the amino acid requirements 
of rats. The finished diet consisted of 85 per cent amino acids, 1.5 per 
cent Mazola corn oil, 0.5 per cent glucose, 2 per cent agar, and 4 per 
cent salt mixture. To each gram of the above mixture was added: 
0.033 mg. thiamin, 0.047 mg. riboflavin, 0.33 mg. nicotinic acid, 0.14 
mg. pantothenic acid, 0.021 mg. pyridoxine, 1.07 mg. ascorbic acid, 
0.0029 mg. ergosterol, 0.043 mg. beta-carotent, and 0.02 mg. alpha- 
trocopherol. The various amounts of vitamins were calculated from 
the estimated minimum requirements per 70 grams of protein in the 
food of man. Folic acid, biotin, and choline, which are normally 
found in small quantities in blood, were missing in the synthetic diets. 
These could have been necessary constituents of the diet and would 
have been added had they been available at the time of the experiment. 
Experiments by Moore (1946) with carpet beetles indicated these to be 
important nutrilites. 

The two most troublesome features of the synthetic diet were the 
deliquescense and the growth of fungi and bacteria when kept in an 
atmosphere of 80 per cent relative humidity. At the lower humidity 
of 65 per cent the above troubles were checked. 

Vitamin free casein, lactalbumin, and celluflour diets lacked some 
essential materials necessary for larval growth. The addition of 10 mg. 
glucose, 50 mg. brewer’s yeast, and 40 mg. of the salt mixture made 
these diets complete enough for larval development. On examining 
data on the casein diets it is evident that the addition of yeast gave the 
most increase in survival; however, only the salt mixture appeared to 
be essential. Glucose was not essential but did add some nutritive 
value to the casein diet. 

Agar agar (Bacto), which is composed of complex carbohydrates, 
did not prove to be a food with or without the supplements. Gelatin, 
an incomplete protein, yielded no growth in flea larvae even with the 
supplement of sugar, yeast, and salts. This would suggest that the 
amino acids not present in gelatin (tryptophane, valine, and methionine) 
are essential to the growth of flea larvae. The addition of the supple- 
ments had a beneficial effect upon the nutritive value of fibrin and 
hemoglobin and were essential for nutrition with lactalbumin, celluflour, 
and dried milk. All of the blood components tested, except fibrin, 
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were good sources of larval food with or without the supplement. 
With supplements added, fibrin was an excellent source of food; this 
was only a reflection upon its purity. 

The amino acid diets failed to nourish the flea larvae except those 
that contained 25 mg. brewer’s yeast. These results certainly indicated 
the absences from the amino acid diet of some essential food materials 
which were present in yeast. Experiments by Trager (1937) and 
Crowell and McCoy (1937) also indicated that yeast was necessary for 
the development of insect larvae on synthetic diets. 

In these experiments measurements of the larvae did not reveal any 
startling facts except that unless they attained a maximum length of 
about 3.5 mm. and a width of about 0.45 mm., they did not survive 
or pupate. Usually there was a correlation between percentage of 
survival, size of larva, and shortened time for development. 


SUMMARY 

A study was conducted with the larvae of the cat flea Ctenocephalides 
felis Bouché to determine food requirements and optimum conditions 
for growth and survival with the intention of developing a standardized 
laboratory rearing procedure. 

1. The best growth and survival was obtained when larvae from 
100 viable eggs were reared in a media consisting of 1 gram dried beef 
blood, 50 mg. brewer’s yeast, and 4 grams of clean sand contained in a 
5-10 cm. petri dish, and kept in an 80° or 90° F. atmosphere with 65-90 
per cent relative humidity. 

2. Dried beef blood, dried mammalian blood, desiccated red blood 
cells, dried blood albumin, hemoglobin, and fibrin were among the best 
larval foods. Casein, lactalbumin, celluflour, dried milk, brewer’s 
yeast, yeast cake, and Swift’s dog food were poor larval foods. Agar 
or gelatin would not support larval growth. 

3. The synthetic diet of 24 amino acids, fats, salts, vitamins, etc. 
would promote flea larval growth only when brewer’s yeast was incor- 
porated in the food mixture. 
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Since Folsom’s review of the North American Tomocerinae in 1913, 
this group of Collembola has been well stabilized, and few additions 
(Denis, 1929; Mills, 1934; Bonet, 1934) have been made to our fauna. 

With the new genus herein reported, the Holarctic genera now re- 
cognized number two, both occurring in North America and one present- 
ly restricted to this continent. The common genus Tomocerus is prob- 
ably as well known, to persons not actively interested in the group, as 
any other in the Collembola. Its members are large, occasionally 
6 mm. in length, metallic gray, active, and commonly encountered in 
rich decaying vegetation such as that in wooded areas. Occasionally 
species of Tomocerus will be found in caves, often incidentally, and a 
few have been modified to this habitat. 

Tomolonus and the Tomocerus subgenus Tritomurus, however, 
approach more closely typical lucifuge forms, being blind or approaching 
it, pigmentless or with minute diffuse punctations, and with some 
modifications of the sensillae. 

The purpose of this paper is to describe two new lucifuge species 
from the North American fauna, one of which represents a new genus. 
The genera and subgenera now known in the Tomocerinae can be 
separated by means of the following key: 


1. Postantonmal Ofgatl Present... sec ccccccestccces ceuess Tomolonus n. gen. 
PORTS CUE GING so sc nce Sk veces vcascasnees meee Tomocerus. 2 

3. Byes present, 6 om ether aide of the head... oc 65 is ccc nc waccc wa ecctcas 

Eyes absent or reduced to a single pigmented eyespot on either side, 

Subgenus Tritomurus Frauen. 

3. Maxilla head bearing inwardly at its base a hairy, backward-pointing process 
ID scr. '5 ois. vite rad urnne 6x ae el Subgenus Pogonognathellus Paclt' 
Maxilla head without a prostheca............... Subgenus Tomocerus Nicolet 


Tomolonus, new gen. 


Tomocerus-like in appearance and general characteristics. Antennae 
four-segmented, the last two annulate. Postantennal organs present. 
Eyes reduced in number, 2 + 2 in the only known species. Color white 
with diffuse punctiform pigment. A single anterior bristle on corpus 
tenaculi. Dental spines present. Dentes slender, with numerous 
dorsal crenulations. Mucro bearing numerous hairs. 

Genotype: Tomolonus reductus n. sp. 


Tomolonus reductus n. sp. 


White, with minute, diffuse, punctiform pigmentation, more dense 
anteriorly and laterally on body segments and dorsally on head. An- 
tennae, legs, venter, and furcula white. Eyespots small, irregular in 





1Pogonognathus Borner preoccupied in fishes, and replaced by Pogonognathellus 
by Paclt (1944). 
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outline. Eyes, figs. 1 and 2, two on either side, at anterior edge of 
eyespot. Postantennal organ, fig. 1, smaller than an eye, consisting of 
four tubercles in an irregular rosette; close to and in front of the lower 
eye. Antennae not especially long but longer than the head, the seg- 
ments about as 7 : 12 :46:19. The two apical segments annulate as in 
Tomocerus. No specialized organs noted at tip of fourth antennal 
segment. Third antennal segment organ composed of two heavy, 
parallel-sided, blunt clubs. Third abdominal segment slightly longer 
than fourth, about as 6 : 5. Genital and anal segments distinctly 
separated, the three anal valves slightly bulbous, fig. 3. Unguis, fig. 4, 
with fairly broad, straight pseudonychiae, basal folds, and two or three 
inner teeth, the basal one subtended by an oblique ridge on ungual base. 
Unguiculus rather broadly lanceolate, with an inner tooth. Tenent 
hair slender, pointed, not greatly different from other tibiotarsal setae. 
No distal subsegment on tibiotarsus evident. Furcula slender. Manu- 
brium scaled ventrally and setiferous dorsally. Dens scaled ventrally 
on basal half and hairy on apical quarter; hairy dorsally. Dens crenu- 
late dorsally, to the mucro about as 36 : 13. Dental spine formula 
2-3, 1/2, 1, the spines minutely striate, fig. 5. Mucro slender, fig. 6, 
hairy, with apical, subapical, two intermediate on the basal half, and 
two basal teeth, these latter teeth bearing small anterior-pointing 
lamellae. Corpus tenaculi with one short anterior bristle, fig. 7, the 
apex roundly truncate; rami quadridentate. Dorsal scales typically 
tomocerine, rounded at base and bearing rather coarse, parallel, longi- 
tudinal striae which extend beyond the apex to form minute teeth. 
Scales of the genal and gular area, as well as those of the furcula, pointed 
or rounded at apex; especially abundant on dentes just below the spines. 
Fringed dark hairs anteriorly on the mesonotum and on the fourth to 
sixth abdominal segments, becoming longer and more abundant post- 
teriorly. Large hairs also present on manubrium, base of dens, coxae, 
precoxae, and ventrolaterally on body. Bothriotricha seen on meso- 
notum and third, fourth, and fifth abdominal segments, their bases 
guarded anteriorly by short spines, fig. 8. Maxilla head without 
prostheca. Mandible with four or five-toothed apex and a large, 
separated, striate and tuberculate molar surface one-fourth from the 
apex. Length 1.7 mm. 

Cotypes.—Hastings Natural History Reservation, Monterey, Cali- 
fornia, February 14, 1946, 16 specimens; December 9, 1946, 3 specimens. 
From middens of Neotoma, J.M. Linsdale. In the collection of the 
Illinois Natural History Survey. 

This species is unusual in several respects. It is the first tomo- 
cerine, to my knowledge, upon which a postantennal organ has been 
discovered. This structure, while small, is very apparent as is shown in 
the illustrations. Further, 7. reductus possesses a reduced number of 





EXPLANATION OF PLATE I 


Tomolonus reductus n. sp. Fig. 1. Eyes, left side of head. Fig. 2. Left view 
of head. Fig. 3. Left aspect of apex of 9 abdomen. Fig. 4. Right front foot. 
Fig. 5. Dental spines. Fig. 6. Left mucro. Fig. 7. Lateral view of tenaculum., 
Fig. 8. Bases of abdominal bothriotricha with adjacent guard hairs. 





New North American Tomocerinae Pate I 
Harlow B. Mills 











356 Annals Entomological Society of America |Vol. XLI, 


eyes, two corneae being visible on either side of the head. The tenent 
hair is reduced as is typical in the subgenus Tritomurus, but there does 
not appear to be the distal subsegmentation of the tibiotarsus which 
occurs in some species of that subgenus. 


THE TOMOCERUS COMPLEX 


Laing (1945) has discussed the uncertain history of the name Tomo- 
cerus, and has pointed out that strict application of the International 
Rules of Zoological Nomenclature might necessitate radical changes in 
the understanding and application of Tomocerus and several other much 
used names in Collembola. More recently (Anonymous, 1947) there is 
indication that a request has been made to the International Commission 
on Zoological Nomenclature to suspend the rules and designate geno- 
types for Tomocerus, etc., which would bring these names into permanent 
use in the sense that they have been defined by Lubbock (1873), Folsom 
(1913), and others. Because Tomocerus has been in uninterrupted 
usage in its present sense for nearly a century, I feel justified in con- 
tinuing to use Tomocerus in this sense and in supporting the afore- 
mentioned petition before the International Commission. 


Tomocerus (Tritomurus) missus n. sp. 


Color white, or with punctiform blue-gray pigment dorsally on head, 
and posteriorly to and including the fifth abdominal segment. Some 
pigment externo-laterally to the precoxae and third paratergite and 
some ventrally on the manubrium. Dorsal pigmentation broken by 
round or elliptical white areas, more conspicuously so on the mesonotum. 
Antennae not especially long, approximately twice the head diagonal. 
Apex bearing a slender hooked hair. Ungues, figs. 9 and 10, with three 
conspicuous inner teeth, long, slender pseudonychiae which are inwardly 
lamellate at base, and basal folds. Unguiculus broad, lamellate, with 
an inner tooth. Tenent hair somewhat variable, slightly bent and blunt 
at apex, or straight and pointed. Apex of tibiotarsus weakly subseg- 
mented. Dens about 4.5 times the mucro, with numerous, transverse, 
dorsal corrugations. Dental spines, fig. 11, variable in number, the 
general formula of material at hand being 5-8 / 3-5, 1, rarely with another 
small spine beyond the large, typically apical, one. A series of long 
heavy hairs occurs beside the spine series. Mucro, figs. 12 and 13, 
long and slender, well covered with hairs which are not shown in the 
figures; with apical, anteapical, one median, and two basal teeth. The 
subapical and median teeth each with a lamella extending proximad. 
Corpus tenaculi, fig. 14, blunt, truncate, with one anterior curved seta; 
rami quadridentate. Eyespots and eyes absent. Maxilla head without 
a prostheca as is found in Pogonognathellus. Third abdominal segment to 


EXPLANATION OF PLATE II 


Tritomurus missus n. sp. Fig. 9. Right front foot, specimen from Grafton 
Cave. Fig. 10. Right rear foot, Eckert’s Cave specimen. Fig. 11. Left dens 
showing spine arrangement. Fig. 12. Right mucro. Fig. 13. Left mucro. 
Fig. 14. Tenaculum, left view. Fig. 15. Female genital opening and spermatheca, 
lateral view. 
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fourth about as 6:5. Body well scaled, the typical tomocerine scales with 
parallel longitudinal striations and feathered or pointed tips. Mesonotal 
collar of nearly straight, heavy, pointed hairs. Similar but more 
pointed ones from the third to sixth abdominal segments, becoming 
longer and more abundant posteriorly; also on coxae and precoxae. 
Under highest magnification these hairs appear very finely and regularly 
pubescent. Short, pointed hairs abundant ventrally and laterally 
on head, legs, and collophore. Manubrium and dentes with short 
hairs dorsally; manubrium scaled ventrally, and dentes ventrally with 
heavy, broad, scale-like hairs. Bothriotricha noted on the first to fourth 
abdominal segments, the bases subtended by a series of minute, sharp, 
inconspicuous spines. Genital aperture of female with large anterior 
and posterior valves, covered with irregular bosses, fig. 15; duct leading 
inwardly to a partially coiled, striate spermatheca. Aperture of male 
small, the genital papilla covered with minute hairs; the duct fairly 
broad, somewhat tortuous, and ending in a slight enlargement into which 
two tubes from the testes open. Maximum length 3 mm. 


Cotypes.—Grafton Cave, Jersey County, Illinois, January 1, 1944, 
2 specimens, Charles L. Remington; April 8, 1944, 9 specimens, Charles 
L. Remington; March 4, 1948, 16 specimens, H. B. Mills; Eckert’s 
Cave, Monroe County, Illinois, January 27, 1947, 2 specimens, B. D. 
Burks and L. J. Stannard. In the collection of the Illinois Natural 
History Survey. 

The subgenus Tritomurus, discussed critically by Bonet (1931), is 
the extreme trogolophile representative in the subfamily Tomocerinae. 
Pigmentation is reduced, eyes are absent, and there are other characters 
which accompany these changes. Four widely separated species are 
recognized by Gisin (1944) up to the present time: 7. scutellatus Frauen- 
feld, from European caves, T. suzukaensis Yosii from Japan, and T. 
californicus Folsom and T. oregonensis Denis from North America. 
According to the same authority, T. macrocephalus Kolenati (1858) does 
not belong to this Order. Two other species, T. terrestralis Stach (1922) 
and T. ruigadoensis Yosii (1939) have been referred to this genus by 
their authors. Both of these species have or approach a full Tomocerus 
number of eyes (6 + 6; Yosii states ‘‘Eyes eight on either side... ” 
but in his figure he shows only 5!). 


Tomocerus and Tritomurus are separated by Folsom (1913) by the 
presence or absence of eyes and a clavate tenent hair, and the possession 
of a one- or two-segmented tibiotarsus. Handschin (1929) considers 
only blindness and the presence or absence of a typical tenent hair in 
separating the species groups. Gisin (1944) separates the genera only 
on the presence or absence of eyes, and follows Bonet in reducing 
Tritomurus to subgeneric standing. What all of this amounts to is 
that we are here considering two species groups which at their ex- 
tremities certainly may merit generic distinction. As species approach 
in these complexes, as is illustrated by Stach’s terrestralis, Yosii’s 
ruigadoensis, and Bonet’s vasconicus, we find overlapping of ‘‘generic”’ 
characters until some commonly used are valueless as absolute criteria. 

It is possible that Denis’ surmise that Tritomurus is a polyphyletic 
group is correct. Nevertheless, the use of this name, as well as Pogon- 








1948] Mills: New North American Tomocerinae 359 


ognathellus, furnishes a convenient division on a subgeneric basis and 
therefore the species grouping is of value. 

Tomocerus (Tritomurus) missus is readily separated from the other 
blind forms described in this genus by the slender mucro with a single 
intermediate tooth, and the obliquely truncate unguiculus bearing a 
tooth on the inner angle. The tridentate unguis, with the conspicuous 
teeth rather evenly spaced is also diagnostic. The blind Tritomurus 
forms of the world can be separated by the following key: 


1. Mucro without intermediate teeth. Unguiculus lanceolate, with small 


DO CONE sss scisats cvaicic coe tam eee tone ares ee erat scutellatus 
Mucro with intermediate teeth. Unguiculus lanceolate and unarmed or 
broadly lamelinte with tbr OCH... o..¢ socecs nas o ccuceviaslteias eee 2 
2. Unguiculus broadly lamellate, with inner tooth. Unguis strongly tridentate. 
Mucro with one intermediate tooth................. cece cece eee missus 
Unguiculus not broadly lamellate; if approaching this condition then unguis 
not tridentate and with more than one intermediate mucronal tooth...... 3 
3. Unguis bidentate. Dental spines with four or five in an inner series parallel 
to the apical spines in the regular series.................0.00-. suzukaensis 
Without a second apical series of dental spines. ............. 0. cee ee cece 4 
S.. Cee Ss a ko Sa ede eee pata seeene cee oregonensis 
EUR DE CR: WIN oo ink dk Soe etd es oe oer bow nveet ee seeen californicus 
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RESISTANCE OF CULEX QUINQUEFASCIATUS SAY 
LARVAE AND PUPAE TO EXPERIMENTAL 
DROUGHT 


GEORGE H. BICK, 
Zoology Department, Tulane University, 
New Orleans, Louisiana 


Studies on mosquito sex ratios and the resistance of their aquatic 
stages to desiccation have nearly always been recorded as incidental to 
life history studies, rearing techniques, etc. Since specific papers on 
these subjects are scarce an attempt is made to assemble a few of the 
scattered references. 

Resistance of eggs of various species of Aedes and Psorophora to 
varying periods and degrees of dryness is well known. Among the 
numerous papers may be mentioned: MacGregor (1915,1916), Feilding 
(1919), Dunn (1926), Hearle (1929), Mail (1934), Shannon and Putnam 
(1934), Taylor (1934), Johnson (1937, 1947), Gebert (1937), Horsfall 
(1939, 1942), Yates (1945). 

Literature relative to resistance of anopheline eggs to desiccation 
is much more limited. However, as early as 1899 Celli and Casagrandi 
recorded that Anopheles larvae hatched from eggs which had been dry 
for two days. Christophers and Stephens (1900), James and Liston 
(1904), James and Christophers (1909) have all recorded instances of 
Anopheles eggs laid on damp mud hatching upon addition of water. 
In spite of these pioneer observations this phase of anopheline bionomics 
has been neglected until quite recently. Many of the recent publica- 
tions based on field observations in the South Pacific mention drought 
resistance. Among these are Belkin (1945) and Perry (1946). Thomp- 
son (1945) in Sierra Leone considered resistance of gambiae and melas 
eggs. All of the above are based primarily on field observations and 
we know of no quantitative laboratory data. 

Likewise, resistance of Anopheles larvae and pupae was mentioned 
by several of the early workers: Celli and Casagrandi (1899), Howard 
(1900), Nuttal and Shipley (1901), Howard, Dyar, and Knab (1912). 
Hinman (1938) remarked upon resistance of Anopheles quadrimaculatus 
larvae to dryness after the draw down of the T. V. A. reservoirs. The 
aforementioned observers in the South Pacific have introduced the 
problem anew. The only quantitative data based upon experimentation 
for any Anopheles that we know of are those of Schoof et al (1945) for 
quadrimaculatus and those of Bick and Penn (1947) for walkeri. 

Publications concerning resistance of various culicine larvae and 
pupae to desiccation include: Macfie (1914), Fielding (1919), Alcock 
(1921), Peryassi (1922), Young (1922), Headlee (1945). The only 
quantitative data based on experiment concern A. aegypti. We have 
seen no work which specifically considers resistance to desiccation of the 
larval or pupal stages of any species of Culex. 

Data on the sex ratio of recently emerged anopheline adult populations 
are scanty. Bradley (1926) conducted extensive investigations on A. 
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quadrimaculatus, A. punctipennis, A. crucians and summarized previous 
work for the genus. His results and those of the following for various 
species are controversial and apparently permit of no generalizations: 
Rees (1901), Ross (1911), Van Breemen (1920) Nuttal and Shipley 
(1902), Harold (1923), Russell (1925), Keener (1945). 

Data given by Young (1922), Shannon and Putnam (1934) and 
Penn (1947) for two species of Aedes all indicate a preponderance of 
males in recently emerged populations. 

A previous study (Bick and Penn, 1947) considered resistance of 
Anopheles walkeri Theobald, Aedes vexans (Meigen) and Wyeomyia 
smithii (Coquillett) larvae to experimental drought. These species 
showed considerable variation in their survival when subjected to 
certain definite intervals of experimental drought and each species 
survived strikingly long periods without free water. However, the 
experimental material was not followed through either until emergence 
or until death of all larvae so that the effect of the drought on actual 
adult production was not determined. This paper considers resistance ~ 
of Culex quinquefasciatus Say to various periods of experimental drought 
and its effect on the number of adults produced. 

Culex quinquefasciatus breeds quite generally in small shallow 
collections of polluted water such as back yard puddles, stagnant 
ditches, etc. It would be expected that, during almost any season, 
periods of drought would probably result in the removal of standing 
water from such habitats and their reduction to a damp mud condition. 
Subsequently, even a slight rainfall would flood such limited areas. 
It seems that any container provided with filter paper from which all 
visible free water has been removed would correspond to the damp mud 
condition. The addition of water to a depth of 4” to %” would 
duplicate natural conditions which follow a slight rainfall. The present 
experimental study attempts to simulate the natural wet and damp 
conditions under which, it appears, C. quinquefasciatus may often 
survive. 


METHODS 


All larvae and pupae were obtained from three collections: (1) 
polluted side pools at Davidson’s Creek, 1.5 miles northwest of Oxford, 
Mississippi, October 4, 1947; (2) side pool of polluted creek draining 
golf course at University of Mississippi, October 18, 1947; (3) same 
location as (2), November 1, 1947. 

The collections were immediately taken to the laboratory and the 
experiments run at room temperatures averaging 70°F. Only these 
recently caught and lively fourth instar larvae and pupae were used. 

Each larva in a drop of water from the collection source, was 
introduced into a container provided with filter paper or with paper 
toweling to fit. The larvae were distributed in covered petri dishes or in 
large glass covered, enamel pans in the following manner: 


Hours Dry No. in Petri DIsHES No. tn LARGE PANS Tora UseED 


24 4 dishes, 15 each 1 pan of 100 177 
1 dish of 17 


48 5 dishes, 15 each 1 pan of 100 175 
72 6 dishes, 15 each 1 pan of 100 190 
96 8 dishes, 15 each 2 pans, 100 each 320 
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Petri dishes were used to obtain accurate quantitative data and to 
facilitate observations as to the stage of development at time of death. 
Large pans were used to obtain large scale supplemental data. Con- 
ditions in petri dishes and in pans were not the same. The water- 
holding capacity of the filter paper (in petri dishes) was greater than 
that of the toweling (in the pans). Head space in every pan was 
considerably greater than in the petri dishes and the number of larvae 
per unit of surface was not the same. Moreover three different pans 
not of standard size were used. Hence all general conclusions are based 
on results from larvae in petri dishes. Data from the pans are considered 
only as supplemental. 

Water was removed by tilting and shaking each container until 
all visible free water was gone. Groups of larvae were kept on the 
moist filter paper for 24, 48, 72, and 96 hours. Following these drought 
periods each container was flooded with water from the collection 
source and thereafter examined daily. During each examination the 
number of survivors (and the stage each had reached) was recorded, 
the progress toward pupation at the time of death observed, and all 
dead individuals removed. 

Pupal resistance was determined by introducing various numbers 
of recently caught lively individuals into petri dishes or pans and then 
removing all visible free water as for the larvae. These pupal containers 
were not flooded. Adult production was recorded daily and the obser- 
vations continued until all had emerged or were unsuccessful in trans- 
formation. 

The total number of males and females produced from experimental 
and from control containers of pupae was recorded. Sex ratios resulting 
from stock containers of pupae not used in the experiments were also 
recorded. These data are included along with information on pupal 
resistance. 


RESULTS 


Initial larval survival (Table I).—Some larvae survived every interval 
of drought tested: 80% (24 hours), 37% (48 hours), 10% (72 hours), 
5% (96 hours). But a comparison between expected survival, based on 
controls, and survival in the experimental dishes show that increasing 
intervals of drought resulted in a marked increase in the per cent 
reduction in survival of larvae. Thus the reduction for 24 hours of 
drought was 17%, for 48 hours 60%, for 72 hours 89% and for 96 
hours 95%. It is clear that any drought period in excess of 24 hours 
materially reduces the number of surviving larvae. 

Microscopic examination of 202 dead individuals following the 
drought showed that 64% exhibited a humped thorax or pupal respira- 
tory trumpets or both, indicating that internal changes preliminary to 
pupation were well advanced. Twenty nine per cent died as true 
larvae. Seven per cent produced apparently fully formed pupae under 
drought conditions but all were dead when first observed. 

Deaths under control conditions were of course limited. However, 
conditions at death did not parallel the experimental material and there 
was no evidence that a pre pupal period is critical under normal condi- 
tions. Of the controls 20% died as prepupae, 40% as larvae, and 
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40% as pupae. It seems that the cause of death is not due solely to a 
lack of free water but to its lack at the critical period when internal 
changes preparatory to pupation are well advanced. These observa- 
tions agree in general with those previously recorded for Aedes vexans 
with the exception that a larger number of Culex quinquefasciatus were 
successful in pupation under drought conditions. 

Adult production (Table II).—Adults were produced under flood 
conditions following every interval of drought tested. 47% of the 
original larvae produced adults after 24 hours of drought, 17% after 
48 hours, 3% after 72 hours, and 0.8% after 96 hours. But a com- 
parison between expected adult production based on controls and the 


















































TABLE I 
SURVIVAL OF LARVAE IMMEDIATELY FOLLOWING DROUGHT 
Expected | Number Per Per cent 
Collec- Hours} No. survival sur- cent reduction 
tion Container | dry | used | based on viving sur- due to 
date control viving drought 
10/18 | Petri dish 24 77 75 62 80.5 17.3 
18/18 | Pan 24 BOs ace ree 87 See ot e Paes 
10/18 | Petri dish 48 75 71 28 37.3 60.5 
10/18 | Pan 48 Pe tess mere hres 11 BP esi wiwedors 
10/18 | Petri dish 72 90 85 9 10.0 89.4 
10/18 | Pan 72 PES tse sees 3 Bi Bei ds tees 
11/1 Petri dish 96 120 114 6 5.0 94.7 
11/1 Pan 96 WP basse tonrecess 0 Oi be ccs aePeex 
CONTROL 
Per cent Per cent Per cent Per cent 
Container No. used surviving surviving surviving surviving 


24 hours 48 hours 72 hours 96 hours 





Petri dishes 44 | 98 95 95 95 





adult production in the experimental dishes shows that the drought 
probably so weakened the larvae that even for the 24 hour sample the 
adult population was reduced 45%. For longer intervals the reduction 
was much more striking. A reduction of 79% was recorded after 
48 hours, a reduction of 96% after 72 hours, and a reduction of 99% 
after 96 hours. 

It was originally thought that sufficient material would be available 
to determine the minimum drought interval causing the death of all 
larvae. However, rain and cold weather ruined the sources of material 
after November 1 when the effects of 96 hours of drought were deter- 
mined. Yet the fact that the 96 hour interval resulted in a 99% 
reduction in number of adults shows quite clearly that this is the prac- 
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tical maximum drought period which the species can survive and 
produce adults. 

As stated previously, experiments in large pans were designed to 
supplement data from the petri dishes. In general, initial survival 
and adult production in pans followed a pattern similar to that in petri 
dishes, i.e., there was a decrease in survival and adult production with 
increasing intervals of drought. However, data from petri dishes and 
pans differed as follows: the per cent larvae surviving the 24 hour 
drought and the per cent which produced adults were both greater for 
the pans than for the petri dishes. In contrast, survival and adult 
production were considerably greater in the petri dishes for all longer 
drought intervals. It seems that the petri dishes provided the more 


TABLE II 


ApULT PrRopucTION, DROUGHT FOLLOWED BY FLOOD 









































Expected Per cent 
Collec- Hours| No. | number of | Number Per reduction 
tion Container | dry | used adults of cent due to 
date based on adults | adults drought 
control 
10/18 | Petri dish 24 77 65 36 46.7 44.6 
10/18 | Pan 24 MOR ene negem 67 MS Ne os vee 5 ed 
10/18 | Petri dish 48 75 63 13 17.3 79.3 
10/18 | Pan 48 NOE, cteh entices 6  Behies eal 
10/18 | Petri dish 72 90 76 3 3.3 $6.0 
10/18 | Pan 72 BO ie eee ees 0 Me oe scene ; 
11/1 Petri dish 96 120 101 l 0.8 99.0. : 
11/1 Pan 96 Es esi oes Seas 0 I Mc ties arcere/ ears 
CONTROL 





Total used Total number of adults 


Per cent adults 


44 37 84 





favorable habitat but that the differences were not manifest in the 
24 hour sample. 

Pupal survival and sex ratio (Table III).—Of 298 pupae subjected 
to the drought 98% produced adults. There was only one death before 
transformation was well under way. Of 123 control pupae 99% pro- 
duced adults. In the previous study an adult production of 94% for 
Aedes vexans pupae was recorded under similar drought conditions. 
These results have convinced the author that placing pupae on damp 
filter paper is an excellent technique for obtaining large numbers of 
adults in perfect condition since the usual tendency for many adults 
to fall into the water and die, or at least to become worthless for further 
study is eliminated. 
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Sex was recorded for 414 adults resulting from experimental and 
from control pupae. Pupae under drought conditions gave a male: 
female ratio of 1.0:1.1. The controls gave a ratio of 1.2: 1.0. However 
there was no consistent correlation among ratios obtained from the 
various samples of experimental pupae, nor among ratios obtained 
from the various samples of control pupae. It seems that the above 
ratios may be combined to represent approximately the correct ratio 
(1.0: 1.0) for these experiments since pupal mortality was negligible 
in either case and since observations were continued with a known 
number of pupae until all had either died or produced adults. 

In addition adults produced in two stock containers representing 
two collections were sexed before all had emerged. Results were as 


TABLE III 


PupaL RESISTANCE AND SEX RATIOS 

















Collec- Con- No. No. No. Per cent 
tion Container | dition | used | males | females |Male:female|emerging 
date produced] produced 
10/4 Petri dish | Drought} 97 51 42 4.3236 95.8! 
10/4 Pan Drought} 100 38 61 1.6: 13.6 99 .0? 
10/18 | Pan Drought} 101 51 49 1.0:1.0 99 .08 

Totals 298 140 152 Osh 97.9 
10/4 Petri dish | Wet 25 10 15 1.0:1.5 | 1004 
10/18 | Pan Wet 98 58 39 1.4:1.0 99.0 
Totals 123 68 54 1.2:2.0 99.1 
Total 
(Wet and 
dry) 421 208 206 1.0:1.0 98 .3 





1One dead pupa. 

Three incompletely emerged. 
2One individual not accounted for. 
3One incompletely emerged. 

‘One incompletely emerged. 


follows: collected October 18, 124 males, 92 females (1.3: 1.0); collected 
November 1, 168 males, 125 females (1.3: 1.0). Since a few surviving 
larvae and pupae remained in the containers when the adults were 
sexed, these latter ratios can not be considered absolute. The quite 
general tendency of male mosquitoes to emerge earlier undoubtedly 
accounts for the higher male production in the stock containers. 


DISCUSSION 
Bick and Penn (1947) showed that fourth instar larvae of Aedes 
vexans, Anopheles walkeri, and Wyeomyia smithii all resisted 96 hours 
or more of continuous experimental drought. Culex quinquefasciatus 
also survived this interval but it resulted in a 95% reduction in the 
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number of survivors. Based on the maximum number of hours of 
drought which each can survive, representatives of these genera may be 
rated as follows: Wyeomyia smithii (192 hours), Anopheles walkeri 
(120 hours), Aedes vexans (96 hours), Culex quinquefasciatus (96 hours). 

But regardless of initial survival, the present study shows that the 
drought apparently so weakened the larvae that even a 24 hour interval 
resulted in a 45% reduction of the adult population and that for 96 
hours a 99% reduction was effected. Clearly, 96 hours may be taken 
as the maximum drought interval for Culex quinquefasciatus. 

Russell (1925) reared isolated pupae in individual test tubes with 
1-2” of water and reported the following mortality: Anopheles quadri- 
maculatus—46.3%, An. punctipennis—27.2%, An. crucians—23.5%. 
Crowell (1940) reported 7% pupal mortality in massive colony rearings 
of An. quadrimaculatus under flood conditions. In contrast C. quinque- 
fasciatus pupae subjected to drought showed but a 2% mortality and 
Bick and Penn (1947) found a 6% mortality for pupae of A. vexans. 
These results demonstrate the practical importance of including in 
routine control operations all depressions which have been reduced to 
the damp mud stage. The ease in obtaining a large number of adults 
in perfect condition from pupae placed on slightly damp filter paper 
warrants advocating this procedure in rearing techniques. 

Based on 94% emergence, Bick and Penn (1947) reported a male: 
female ratio for A. vexans of 1: 1.6. The present study shows that C. 
quinquefasciatus with an emergence rate of practically 100% yielded 
a male:female ratio of 1:1. 


SUMMARY 


1. Larvae of Culex quinquefasciatus were subjected to controlled 
drought in the laboratory. 362 mature larvae were kept on damp 
filter paper in covered petri dishes for 24, 48, 72, 96 hour intervals 
after which they were flooded to determine survival and thereafter 
were observed daily to determine adult emergence. 

2. Some larvae survived every interval tested. The drought 
resulted in a reduction of surviving larvae as follows: 24 hours (17%), 
48 hours (60%), 72 hours (89%), 96 hours (95%). Any drought period 
exceeding 24 hours materially reduced the number of surviving larvae. 

3. At least one adult was produced under flood conditions subse- 
quent to every interval of drought tested. The drought resulted in a 
reduction of adults as follows: 24 hours (45%), 48 hours (79%), 72 
hours (96%), 96 hours (99%). 

4. In another series of experiments, 292 adults (98%) were pro- 
duced from 298 pupae maintained under continuous drought. 

5. The 421 adults which emerged from the pupal experiments 
were sexed. 208 were males, 206 females, a ratio of 1.0: 1.0. For 
all practical purposes the ratio obtained from experimental and from 
control pupae was the same. 
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SBORNIK NARODNIHO MUSEA V PRAZE (ACTA MUSEI NATIONALIS 
PRAGAE). 

We have received ten numbers devoted to Zoology, apparently all that have 
been published in that field. Of these, eight are entomological, seven dealing 
with the Coleoptera and one with the Embiidina. Volume I B contains four 
zoological numbers, all published in 1938; volume II B contains three, all pub- 
lished in 1940; and volume III B contains three, all published in 1947. One short 
paper is in the Czech language, with a Latin summary; the others, except for an 
introduction or summary, are in Latin, French, or German. All papers are tax- 
onomic. The most important are Monographische Studien tiber die bulgarischen 
Embiidinen, by Kartel Taborsky; Etudes sur les espéces du genre Anthaxia Eschsch. 
(Col. Bupr.), by Jan Obenberger; Ad regionis palearcticae Buprestidarum cog- 
nitionem additamenta, by Jan Obenberger; and Additamenta ad cognitionem specierum 
generis Phytodecta Kirby, by Jan Bechyne.—M. T. J. 











A SUPPLEMENT TO “KEY TO KNOWN PUPAE OF THE 
GENUS CALENDRA, WITH HOST-PLANT AND 
DISTRIBUTION NOTES”! 


A. F. SATTERTHWAIT, 
U.S. D. A., Agricultural Research Administration, 
Bureau of Entomology and Plant Quarantine 


Under ‘Description of Pupae,”’ p. 147, insert the following descrip- 
tion to precede C. inaequalis (Say). 


Calendra mormon (Chttn.) 


Rostrum with six seta-bearing tubercles only, basal pair on or not 
on prominences. Wrinkles sometimes present and almost identical 
about the bases of basal and second tubercles; sometimes smooth or 
less rough about basals than about second tubercles; meso- and meta- 
notal setae lacking; setae of eighth tergite usually absent; prolatero- 
pronotal setae usually, and medio- and spiraculo-pronotal setae 
regularly, lacking. 

Female.—Length, 11.65 mm., pronotal width, 3.11 mm. Rostrum 
with six conical, seta-bearing tubercles without basal prominences; 
wrinkles about bases of basal and second tubercles almost identical, less 
prominent than on apical three-fourths; rostrum reaches tips of pro- 
tibiae. Prolatero-pronotal setae four; setae of eighth tergite six, 
apically multipointed. A fairly prominent conical projection without 
seta near annus, each side. 

Description from a pupa which yielded an adult. Length, 10.51 to 
13.28 mm., average (10), 11.63 mm.; pronotal width, 2.74 to 3.59 mm., 
average 3.07 mm. 

This species may key to “‘y’”’ on page 161 or to “e"’ on page 162, 
depending on whether the basal tubercles appear to be on prominences 
or merely a wrinkled plane. 

On page 161, before ‘‘Length” in line ‘‘z’’ insert ‘“‘Mesonotal setae 
two or more,”’ and in line ‘‘zz”’ insert ‘‘Mesonotal setae lacking.”’ 


Under ‘‘zz,”’ insert ‘‘j"’ and ‘‘jj"’ as follows: 
' 


j'. Spiraculo-pronotal setae present. Length 7.81 to 8.25 mm., average 
2), 8.03 mm.; pronotal width, 2.78 to 2.98 mm., average 2.88 mm. 
Ce TU I | Des 2 opin a eemcieas keweananee eda aed C. inaequalis 
jj'. Spiraculo-pronotal setae lacking. Length, 10.51 to 13.28 mm., 
average (10), 11.63 mm.; pronotal width, 2.74 by 3.59 mm., average 
3.07 mm. Develops in Scirpus occidentalis (S. Watts) Chase. 
Occurs in Ariz., Calif., Idaho, Nev., Oreg., Utah, Wash., Wyo., 
and Alberta and British Columbia. ... 2... cccccccccccces C. mormon 


On page 162, before ‘‘Total length”’ in line “f"’ insert ‘‘Four rostral 
tubercles,’’ and in line ‘‘ff"’ insert “Six rostral tubercles.”’ 





Satterthwait, A. F. 1931. Ent. Soc. Amer. Ann., 24: 143-172, illus. 
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Under “‘ff',”’ insert ‘‘k"’ and ‘‘kk"” as follows: 


k'. Prolatero-pronotal setae present. (Measurements, distribution, and 
host-plents as ander “Tl,” page 86GB)... 0.06. ccccccnnveses C. venatus 
kk'. Prolatero-pronotal setae lacking. (See notes under ‘‘jj'‘‘....C. mormon 


On page 151, insert the following description to precede C. costi- 
pennis (Horn). 


Calendra multilineata Satht. 


Rostrum with six conical, seta-bearing tubercles, the basals on 
broad, irregular, deeply wrinkled areas. Mesonotal setae lacking. 
Prolatero- and postlatero-pronotal setae four each, medio-pronotals, 
two; mesonotal setae lacking; metanotals, two. Setae of eighth tergite 
lacking. 

Female.—Length, 12.66 mm., pronotal width, 3.19 mm. Rostrum 
with six conical, seta-bearing tubercles, the basals, and to a lesser 
degree the middle tubercles, on broad, irregular areas with one fold 
nearly as high as the basal tubercles; the paired tubercles equally spaced 
on rostrum, but those of third pair closer together than those of basal 
and median pairs; rostrum long, slender, reaching beyond protibiae. 
Prolatero-pronotal setae widely separated, the inner setae near the 
middle of the front margin of pronotal disc, the outer near the edges 
and as near to the medio-pronotals as to the inner prolatero-pronotals; 
medio-pronotals and postlatreo-pronotals normally placed, the outer 
postlatero-pronotals quite small; spiraculo-pronotals lacking or tiny; 
mesonotals none; metanotals two. 

Description from a reared pupa. Length, 11.90 to 12.66 mm., 
average (2), 12.28 mm.; pronotal width, 3.19 to 3.23 mm.; average, 
3.21 mm. 

This species keys to ‘‘r,”’ only. On page 160, change “r’’ and add 
r’’ and “rr'” to read: 
r. Sides or prominences not overhanging. 
r'. Mesonotal setae lacking. Length, 11.90 to 12.66 mm., average (2), 
12.28 mm. Develops in Scirpus occidentalis (S. Wats.) Chase. 


Occurs in Ill., Ind., Mich., Nebr., Tex., Utah, and Wis., 
C. multilineata 


“c“ 


rr'. Mesonotal setae usually four or more, rarely two. 


On page 163, insert before ‘‘Calendra inaequalis,’ the paragraph: 
Calendra mormon, Mormon Billbug. 
Scirpus occidentalis (S. Wats.) Chase, Viscid Great Bulrush. 


On page 164, under ‘“‘Calendra robusta,’ and following “Scirpus 
validus,” add ‘‘Scirpus occidentalis.” 


On page 164, following the paragraph for ‘‘Calendra robusta,” add 
the paragraph: 
Calendra multilineata, Many-lined Billbug. 

Scirpus occidentalis. 


’ 


insert 


On page 168, following the paragraph on ‘Scirpus validus,’ 
the paragraph: 
Scirpus occidentalis, Viscid Great Bulrush. 

Calendra mormon. Calendra robusta. Calendra multilineata. 








A NEW SPECIES OF PELOCORIS FROM NEVADA, WITH 
NOTES ON THE GENUS IN THE UNITED STATES 


(Hemiptera: Naucoridae) 


IRA LA RIVERS, 
University of California, 
Berkeley 


Family NAUCORIDAE Fallen 1814 
Subfamily Naucorinae (Stal) 1876 
Genus Pelocoris Stal 1876 


Pelocoris shoshone sp. nov. 


Dorsum bicolored, head and pronotum yellowish, hemelytra and 
abdomen black, sides yellowish. Under surface: legs yellowish, most 
of remainder somewhat darker, except propleuron, which is yellowish; 
mesosternum black, bordered laterally by yellow. Size: 8-9 mm. 
long, 5 mm. wide. 

Head.—3.25 mm. wide (including eyes), 2 mm. long; yellow, smooth 
and glistening, a median line of faint, yellow-brown mottling beginning 
in anterior quarter and extending to pronotal margin, where it expands 
to a triangle; as long as wide between eyes (77 ::78) ; eyes closer anteriorly 
than posteriorly (55::70), inner margin curved laterad; antennae 
3-segmented, pilose; labrum yellow, smooth, evenly rounded at free 
edge; mouth parts yellow, reddening at tip; eyes reddish-yellow. 

Pronotum.—smooth, glistening, yellowish, posterior border darker; 
4.5 mm. wide posteriorly, 3 mm. anteriorly; 2 mm. long medially, 2.5 
laterally (135::85 and 60::75, respectively); surface minutely reticulate 
under strong power; propleura yellow, darker on posterior and internal 
margins; scutellum blackish, conspicuously tipped with yellow. 

Hemelytra.—blackish, embolia white, contrasting with the deeply 
infuscated remainder; abdominal dorsum beneath wings velvet-black, 
fading to brown, then yellow on borders; golden pile conspicuous 
laterally; abdominal venter conspicuously pilose, brownish, each 
segment yellow at margin. 

Legs.—Prolegs with coxae prominent, elongate; two small clusters 
of reddish-brown, short spinules on interno-anterior margin, one cluster 
proximad, the other distad; a small cluster of similar spinules distad on 
interno-posterior margin; femora characteristically swollen and globular, 
bearing the narrow, attenuated tibiae which fit into grooves on the 
anterior edge of the femora; tarsi reduced to one segment, forming the 
points of the tibiae. Mesolegs with coxae semi-prominent, much 
smaller than procoxae, margined and pilose exteriorly; femora yellow, 
polished, narrow and linear, flattened dorso-ventrally; anterior margin 
smoothly rounded, with a few scattered reddish spinules, posterior 
margin flattened, ridged dorsally and ventrally, each ridge bearing 
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conspicuous, short, reddish spinules and short golden pile; apical tip 
of femur with a comb of short, reddish spinules above tibial junction, 
the above-mentioned posterior ridge spinules likewise forming dense 
combs at the tip; tibiae cylindrical, glistening-yellowish, conspicuously 
armed with long, reddish spines, among which are set smaller spines, 
arranged, but not markedly so, in lines along the length of tibia; two 
denser combs of spines arm the tibial apex; tibial dorsum bearing a mat 
of thin, long, yellow hairs extending most of the tibial length; tarsi 
yellowish, 2-segmented, the segments about equal-sized, linear-cylin- 
drical, edged with two rows of small, reddish spinules below; a mat of 
long, thin, yellow hairs on upper surface; last segment dark at tip, 
bearing the two long, yellowish, simple tarsal claws, darker at base and 
apices. Metalegs generally similar to mesolegs, except that posterior 
femoral margins bear no short yellow pile, only short reddish spinules; 
femora tiore robust, terminal comb of spines lacking, except for two 
closely set spinules; tibiae similar to mesotibiae, but much longer, 
yellow mat much more conspicuous; tarsi as described for mesolegs, 
but longer. 

Genitalia.—See fig. 1. 

Type locality—NEvADA, Lincoln County (Ash Warm Springs in 
Pahranagat Valley, 24(I)40, el. 3800 ft. -LaR). 

Types.—Holotype (No. 5906) and allotype (No. 5907) in the collec- 
tion of the California Academy of Sciences. Paratypes in the collections 
of the U.S. National Museum, British Museum (Natural History), 
Clemson College, Dr. R.L. Usinger, Dr. H.B. Hungerford, Harry P. 
Chandler and the writer. The type series consists of 19 specimens, 
14 males and 5 females. 

Pelocoris shoshone represents a remarkable westward extension of the 
generic range in the United States, no member of the genus being known 
previously west of the Rockies. This is the only new addition to our 
fauna since Torre-Bueno described P. carolinensis from some of the late 
C.S. Brimley’s North Carolina specimens 40 years ago. Previous to the 
discovery of the new species, the designations ‘‘Pelocoris” and ‘‘Ambry- 
sus’’ were tantamount to ‘‘East’”’ and “‘West’’ when considered in the 
light of the geographics of United States naucorids. 

P. femoratus (Palisot-Beauvois) 1805 ranges over the entire United 
States East of the Rockies. I have seen specimens in the Usinger collec- 
tion from Kansas (Coldwater, 12(IV)26, -Beamer & Bare), On10 (Hebron, 
10(V1)16, A.J. Basinger), NEw YorkK (White Plains, -J.R. Torre-Bueno), 
NEw JERSEY (Riverion, 17(VIII)02, E.P. Van Duzee), FLoripa 
(Dunedin, (IV)25,-W.S. Blatchley), SoutH CAROLINA (Graniteville, 
25(X)30 and Myrtle Beach, 3(VII)30, -D. Dunavan), Mississippi 
(Charlesion, 10(IX)26, -H.M. Harris), Loursiana (Slidell, 14(IX)30, 
-H.M. Harris). I have also seen other South Carolina specimens, 
from various localities (D. Dunavan), in the Clemson College collection. 

As even a casual perusal of the above-mentioned specimens immedi- 
ately shows, what we call P. femoratus in this country is either a widely 
variable entity, or several very closely related units as yet insufficiently 
known to be satisfactorily separated. As Dr. Usinger has pointed out 
in conversation, for example, the Dunedin specimens are quite easily 
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separable, as a unit, from the Coldwater individuals. A final solution 
of this phase of the problem will require a great many more specimens 
from intermediate localities than are now available, and my concern with 
femoratus material as now understood has been solely that of providing 
comparative notes for the new species. 


t imm ! 


RS 


Fic.1. A, female subgenital plate (ventral aspect) of P. shoshone, allotype. 
B, female subgenital plate of P. femoratus, Coldwater, Kansas. C, female sub- 
genital plate of P. carolinensis, metatopotype. S, female abdominal tip (dorsal 
aspect) of P. carolinensis, metatopotype; the same figure will also serve for P. 
shoshone, allotype. T, female abdominal tip of P. femoratus, Coldwater, Kansas. 
M, male aedeagus of P. femoratus, Coldwater, Kansas (k, basal aedeagal plate). 
N, male aedeagus of P. shoshone, holotype. O, male aedeagus of P. carolinensis, 
metatopotype. 


/MM 


P. carolinensis Bueno 1907, was 


‘‘Described from 8 males and 8 females taken by Mr. C. S. Brimley, at Lake 
Ellis, Havelock, N. C., and two carded specimens from Btanfort, S. C., in the 
American Museum of Natural History collections. Types in U. S. National 
Museum (co and 9 ), American Museum of Natural History (two carded specimens 
mentioned above), collection of C. S. Brimley (co and 9), and my collection. 

“This bug differs from the species recognized as Pelocoris femoratus Pal., 
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Beauv., in its smaller size, more slender shape, the cleft female genital segment, 
the more densely punctate and stouter prothorax, and the more noticeably flat- 
tened prothoracic margins.’’ (Torre-Bueno, 1907.) 


Dr. Hungerford (1919, 1927) has recorded the species from a single 
Kansas locality, in the latter paper giving an excellent, detailed account 
of the life history of his specimens. His opening paragraph is of interest: 
“The above-named bug’ (P. carolinensis) ‘‘is the only representative 
of the family Naucoridae reported from Kansas. It has been taken 
several times from some pools near Coldwater, Kansas, but has not been 
found elsewhere in the state. I have previously reported the first 
collection which consisted of a long series of this insect taken by Mr. 
Beamer and his entomological survey party on July 28, 1916’. His 
efforts to establish the species in the vicinity of Lawrence, some 300 
miles northerly from Coldwater, were unfruitful. 

I have seen specimens in the Usinger collection from the type 
locality, Lake Ellis, N.C., a male with a red type label, and a female 
compared with the types, and so stated in Torre-Bueno’s handwriting. 
I was further privileged to see additional Lake Ellis specimens, as well 
as one from Southern Pines, N.C., all in the collection of the N.C. 
Department of Agriculture, and found two males and two females 
among a lot sent me from Clemson College, three being from Pontiac 
and the other from Bethune, S.C. In certain structural characters, 
P. carolinensis is the most strikingly distinct of our three species, and I 
am inclined to believe it occurs only along the Atlantic Coast. Dr. 
Hungerford’s Coldwater specimens, from my examination of the dozen- 
or-so examples in the Usinger collection, are clearly P. femoratus. The 
southernmost record I know is the following excerpt from Torre-Bueno 
(1915), written of a specimen in the Harris collection: “‘Naucoris poeyi 
No. 148, ‘Florida, Doubleday’ is Pelocoris carolinensis Bueno, character- 
istic’’. 

P. shoshone differs externally most markedly from P. femoratus and 
P. carolinensis in its possession of a blackish, abruptly yellow-tipped 
scutellum, black area down the median line of the prosternum, black 
dorsum of the abdominal segments, and marked robustness of the legs. 
This latter difference may be more concretely specified in proportionate 
ratios: 


Ratio of metatibial Ratio of metatarsal 
width to length width to length 
P. shoshone ee P. shoshone Be eF 
P. femoratus Lin P. femoratus \,.. 
i seas Sh ; ee eee 
P. carolinensis P. carolinensis { 


The following key will differentiate the three species: 


1. Female subgenital plate deeply notched at apex, emargination at least 
twice as deep as wide; male dorsal aedeagal plate abruptly truncate at 


Se Nola Sa as en da o SRE SA OP NESS ADS BOREAS carolinensis 
Female subgenital plate only weakly emarginate; male aedeagal plate 
DOE OE ne MI ok 6 kei b sesso eretnabesrdcaviadvuesuess 2 
2. Female dorsal terminal abdominal plate distinctly notched at tip; male 
aedeagal plate emarginate at tip; U. S. east of Rockies........... femoratus 


Female dorsal plate rounded at apex; male plate rounded at apex; Nevada, 
shoshone 
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The Pelocoris biimpressus of Montandon (1898), said to be from 
“North America’, is unknown to me. Hungerford wrote of it in 1919: 
‘“‘Montandon and Champion both mention this as a variety of the species 
Pelocoris femorata, as set forth in the key. Stal says it is from North 
America”. In his key, it is differentiated from P. femoratus by the 
following couplet: 


“B. A dark streak on embolium, scutellum dark............... P. biimpressus 
Dah... WOR GB: GROUE: a sisieen ncedagatan VE CeRe cad wena wcaeees P. femoratus” 


I have few biologic notes on P. shoshone. Ash Warm Springs, the 
type locality, varied in temperature from 36°C to 32°C in the area 
within which the type series was collected. The warmest water was 
that issuing directly from the seven springs which served as the source 
of the water, augmented by several spots along the main channel 
bottom from which water could be seen entering the channel. The 
springs lay close to the foot of a small hill, and each gave rise to a short 
stream which entered the main channel—a winding, even-sided and 
flat-bottomed streamcourse, thickly lined with algae, but otherwise 
clear and unimpeded. Ten side streams entered the main channel a 
few yards downstream from the springs. The total length of the main 
waterbody is some 100 yards, and maximum width somewhere near 
15 feet, although most of the major portion lies between 8-10 feet. It 
is much favored locally as a swimming pool, and only near the source- 
springs was much vegetation, exclusive of algae, noticed growing. 
Unlike Dr. Hungerford’s experience with his Coldwater specimens, 
I found P. shoshone markedly mild-tempered, and never noticed any 
inclination to bite; furthermore, the owner of the pools, who has seen 
the entire “swimming” population of the valley come-and-go many 
times during his tenure, could not remember a single complaint against 
any aquatics except notonectids, although naucords were perhaps the 
most abundant animals there. 

I am indebted to a number of people for many of the specimens 
utilized in this report. I would like to thank Dr. R.L. Usinger for free 
access to his extensive series of Pelocoris, and for criticism of the manu- 
script. Mr. D.L. Wray, of the North Carolina Department of Agri- 
culture’s Division of Entomology, generously sent specimens of P. 
carolinensis from the type locality for examination, while Dr. O.L. 
Cartwright was kind enough to let me see all the Pelocoris in the Clemson 
College collection. 
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A TEXTBOOK OF ENTOMOLOGY, by HErpert H. Ross. John Wiley and 
Sons, Inc., New York, and Chapman and Hall, Limited, London. ix+532 
pages, 434 figures. 1948. Price, $6.00. 

The publishers have kept their promise to give us something new in the way 
of a general entomology text. At the same time, its use will not mean a radical 
departure from the way in which the beginning course is conducted. The text 
merely attempts to present a well-balanced treatment of the subject, in which 
taxonomy is given a reasonable place in relation to insect biology, and in which 
suitable space is devoted to the newer developments in the fields of physiology and 
insect control. 

Dr. Ross attempts to emphasize principles throughout the work. This is 
evident in the very readable introductory chapter on the history of entomology 
(pp. 1-25), in his discussion of insect palaeontology (pp. 425-445), and in the parts 
devoted to insect ecology (pp. 446-482) and control (pp. 482-515). The chapter 
on insect physiology (pp. 119-171), which follows those on external (pp. 58-99) and 
internal (pp. 100-118) morphology, is designed to present the matter, in one place, 
by function rather than by structure. 

Two hundred and six pages are devoted to taxonomy. A rather conservative 
classification is used, but there are certain departures from systems commonly 
employed, for example, in the placing of the Collembola in a separate subclass of 
Insecta, the Oligoentoma, and in the reduction of the Strepsiptera to a suborder of 
the Coleoptera. As a whole, the presentation of the subject is lucid. The student 
is not introduced to a bewildering array of families; the most important families, 
or in many cases superfamilies, are included, particularly in the treatment of the 
major orders, but most of the smaller orders are treated without consideration 
of their subdivisions. 

The original illustrations are for the most part well executed and the borrowed 
ones well selected. Exceptions to this are few. Some minor errors, inaccuracies, 
and instances in which a different arrangement or choice of material might have 
been made, occur, but it is practically impossible to publish a first edition which 
is entirely free from such. This text should find wide usage in beginning courses 
in general entomology.—M. T. J. 











A RATIO HYPOTHESIS PERTAINING TO THE 
BIOLOGICAL ACTION OF POISONS 
AND DRUGS 


J. FRANKLIN YEAGER anp SAM C. MUNSON,! 


U.S. Department of Agriculture, Agricultural Research Administration, 
Bureau of Entomology and Plant Quarantine 


In a previous publication (3) a working hypothesis was presented to 
explain the relationship found to exist between the concentration of 
administered poison and the survival time of insects injected with sodium 
metarsenite. This hypothesis, which will be referred to here as the 
‘‘ratio hypothesis,’ was stated briefly in a generalized form and at 
greater length in a mathematical form. The physicochemical interpreta- 
tion of the data rested upon an assumed variable ionization of the 
arsenite within the range of concentrations used. The purpose of the 
present paper is to state the generalized form of the ratio hypothesis 
more precisely, to distinguish between this hypothesis and any physico- 
chemical interpretation that may be associated with it, and to accept 
as more likely for sodium metarsenite another tentative interpretation 
which is based upon degree of ionization of the arsenious acid produced 
by hydrolysis rather than upon degree of ionization of the sodium 
metarsenite.” 

The following definitions and discussion are necessary for an under- 
standing of the concise statement of the ratio hypothesis that will be 
given below: 

Let zs represent a drug or a poison that has been administered to an 
organism or applied to some other’ physicochemical system. The 
method of administration is immaterial and, in the case of an organism, 
may be oral, by application to body surface, by inhalation, or by 
injection into the body fluid or tissues. 

Let x and y represent either two different chemical species or the 
proportions in which a single chemical species is affected by two different 
conditions of restraint. Thus « and y may be the chemical forms (as 


‘Now Assistant Professor of Biology, George Washington University. 

2The authors are grateful to Adrien Albert, of the Wellcome Research Institu- 
tion, London, England, for pointing out that these results would be in greater 
accord with the more modern concepts regarding electrolytic solutions and with 
the results of Hoskins (1), if the postulate were made that the arsenious acid 
molecule, formed by hydrolysis, were the toxic chemical species in the insect 
poisoned with sodium metarsenite. The authors also appreciate the kindness of 
Sterling B. Hendricks, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, and Walter J. Hamer, National Bureau of Standards, in discussing this paper 
with them. 
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molecules and ions) in which z is considered to exist in solution within 
the blood and tissue fluids of the organism, or x may be the number of 
molecules (or ions) affected by one condition and y the number affected 
by another condition of restraint; in either case z= x+y. The 
assumption is made that x, but not y, is the form or condition in which z 
is toxic to the organism. Let c, and c, be the respective concentrations 
of x and y, and let c be the total concentration of z; then c = c, + ¢,. 

If x and y are different chemical species, they are assumed to be 
components of an equilibrium which is such that, if some x is removed 





Oo % Cc----—— ¢, 
FicuRE 1. A hypothetical c, r curve, showing that the ordinate may consist 


ca\™ cd \™ 
of parts p and (1 — p) () and that (1 — p) () may vary between 


1 — p and 0 as c varies between cg and a concentration c; that within experi- 
mental error corresponds to r = p. Mathematically, the curve is treated 
as though it approaches p asymptotically (curve A), although the point 
p, c1 may be at a minimum as in the curve B. On the horizontal axis values 
of c increase in'the direction of the arrow. The value of r varies from 0 to 1.0. 


from the solution, some y will change into x, thereby maintaining the 
value of an equilibrium constant. If x and y are the proportions 
of z under two different conditions of restraint, I and II, respectively, 
these conditions of restraint are assumed to be so related that an 
increase or decrease in I (and hence in c,) will result in an equivalent 
decrease or increase in II (and hence in c,), and vice versa. In either 
case the relationship between c, and c, may be symbolized by xy. 
The equibilibrium is considered to be such that, as the concentration c 


. C. ° ie 
decreases regularly, the ratio —-=r increases regularly from a minimum 
‘ 











1948] Yeager and Munson: A Ratio Hypothesis 379 


c . ¢ , : 

2 = p up to a maximum 2 is - =1. The relationship between the 
Cc ; 

ratio r and the concentration ¢ is represented by a c, r curve of the 

type shown in figure 1. 


x 


As indicated by figure 1, is the sum of a constant part, p, of the 
c 
ordinate, and of the other part which varies inversely with c; i.e., 


¢ ¢ ¢ . ; ; 
—=pt+ (s — p). As c decreases, = — p rises toward its maxi- 
¢ c c 


mum of @ — p= 1-p, with velocity and acceleration that is determined 
2 


by the factor € ) ; thus the variable part of the ordinate that lies 


above the level of p, is (1 — p) (#) . The variable portion of “s 


’ C 

is less than 1 — p when c> c, but equals 1 — p when c <«¢,; —- may 
c 

not exceed unity, for c, may not exceed ¢c, + c, and can equal c, + ¢, 


only when c, = 0. It follows that & =p+(1-—)p) (“) and that 
Cc 


C¢, = cpt+c (1 - »)(“) ; and when ¢ <q, c, = 0 and ¢, =c. 


By ‘‘inflection” is meant a region of irregularity, perhaps associated 
with a discontinuity, such as has been found in concentration-survival 
time curves and in curves of the concentration-per cent mortality type 
or, more generally expressed, in concentration-time of effect curves 
(figure 2) and in concentration-degree of effect curves (figure 3). Figure 2 
represents a concentration-survival time curve with a region of inflection 
the lower limit of which projects on the concentration axis at cz. In 
this paper a concentration-time of effect curve will be referred to as a 
c, t curve and a concentration-degree of effect curve as a c, s curve. 

By ‘‘physicochemical system” is meant either (1) functioning 
protoplasm in contact with blood, tissue fluid, or an artificial fluid 
substituted for these, or (2) a nonliving system (an enzyme system, for 
example) capable of showing a reaction to the action of a poison or. drug. 

The ratio hypothesis now may be stated concisely as follows: If, in 
a physicochemical system, z = x + y, in accordance with the equilibrium 


¢ ' ics 
xy such that - = r increases regularly from a minimum, p, toward 
; 


a maximum, 1, as c regularly decreases, and if r approaches its maximum 
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with sufficient acceleration, it is possible for inflections to occur in the 
corresponding c, ¢ and c, s curves. 

Whether or not a curve obtained experimentally will exhibit an 
inflection when the conditions of the ratio hypothesis are fulfilled will 


os c c 
d | 
7 Cc 


FicurE 2. A hypothetical c, ¢ curve, which approaches a and c, asymptotically; 


cq and c, correspond to c, and c, in figure 1. The broken line corresponds to 





the condition that z = x throughout the concentration range. Arrows indi- 
cate the directions of increasing concentration and time of effect (for example, 


survival time). 
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depend upon several other conditions, among which are the following: 
(1) The experimental errors must be small enough not to obscure the 
inflection or, conversely, the inflection must be sufficiently large. 
(2) The experimental points that represent the c, ¢ or c, s curve must be 
sufficiently numerous and near enough together in the region of the 
inflection to delineate the inflection. (3) The critical concentration 
cg must fall within the range of concentrations used experimentally 
and must be so far removed from asymptotic extremities of the c, ¢ 


100 


“ho 





0 


C———_— 


FicurE 3. A hypothetical sigmoid c, s curve of the percentage-mortality type. 
The broken line indicates the region of inflection and arrows indicate the 
direction of increasing values of c and of s, which in the figure is represented as 
per cent. This curve corresponds to a given value of ¢. The inflection may 
move up the curve in the direction of the broken arrow as ¢ increases. 


curve and from the extremities of the c, s curve that the inflection will 
be unobscured by the larger errors at those extremities. 

The ratio hypothesis is of sufficient generality to apply to different 
physicochemical situations. It would apply, for example, if y should 
represent molecules of a poison and x toxic ions formed from them by a 
variable degree of ionization in accordance with the law of mass action. 
It would be applicable in case the pharmacological or toxic effect were 
to involve only a molecular or only an ionic species of the drug or 
poison, provided that the activity of the chemical species varied with 
concentration in accordance with the hypothesis, in which instance 
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c, would represent the concentration of the species that was active 
and c, the concentration of the species not active; here the conditions 
of restraint would be those implied by the physicochemical concept of 
‘factivity.”” It would apply also if molecules of undissociated poison 
were to compete with a metabolite for combination with a particular 
enzyme, in which instance x would be that proportion of the molecules 
that successfully combine and y the proportion prevented by the 
metabolite from combining with the enzyme. The hypothesis would 
apply also in case the toxic effect of a poison were correlated with the 
degree of hydrolysis of the y form of the poison, x representing the 
form after hydrolysis, provided that the degree of hydrolysis varied 
in accordance with the conditions of the hypothesis. 

The ratio hypothesis alone offers no means of identifying x and y 
either as particular chemical species or as particular conditions of 
restraint but, in conjunction with an inflection or discontinuity of the 
kind specified, it does suggest that the involved poison or drug does 
exist in an effective («) and a noneffective (y) chemical form or as a 
single species subject to two different conditions of restraint (I and II). 

In the authors’ previous paper (3), reporting results obtained by 
injecting sodium metarsenite into roaches, it was shown that the ratio 
hypothesis can be used as a basis for obtaining calculated survival 
times that agree well with those obtained experimentally and that this 
hypothesis serves to explain the appearance of the inflection found in 
the c, curves. The physicochemical interpretation tentatively offered 
was that the arsenite ion formed by ionization of the sodium metarsenite, 
or something dependent upon the arsenite ion, was the toxic chemical 
species (x), whereas the sodium metarsenite molecule (y) was nontoxic. 
But according to the more recent concepts of physical chemistry, within 
the concentration range used the sodium metarsenite must be considered 
to be completely ionized. Disregarding possible interpretations based 
on activity, competition, etc., complete ionization of the sodium 
metarsenite necessitates the discarding of the interpretation that rests 
upon an assumed incomplete or variable ionization in favor of a more 
likely but still tentative one based upon a hydrolysis equilibrium. 
According to this hydrolysis interpretation, (1) sodium metarsenite 
exists in solution only as sodium ions and arsenite ions, no molecules of 
sodium metarsenite being present; (2) at and below the critical con- 
centration, ¢c,, all the arsenite ions or a constant proportion of them in 
buffered body fluid are hydrolyzed into molecules of arsenious acid 
that ionize to a slight degree but above c,, as concentration increases 
in a less buffered or unbuffered body fluid, the proportion hydrolyzed 
and unionized decreases to a minimum value, p; and (3) the arsenite 
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ions are considered to be the nontoxic form (y) of the poison and the 
arsenious acid molecules the toxic form (x). This interpretation is in 
line with one given by Hoskins (1) relative to the penetration of sodium 
arsenite through the insect integument. The authors’ results and those 
of Hoskins are in agreement regardless of which physicochemical 
interpretation is preferred, provided that the same interpretation is 
applied to both sets of results. On the other hand, the two sets of 
results are not necessarily in disagreement when one set is interpreted on 
the basis of a variable ionization or activity and the other set on the 
basis of hydrolysis, for then it becomes a question of whether the 
equilibrium x y and the effective chemical species, x, are the same 
for penetration through the integument as for toxic action in the tissues. 

The hydrolysis interpretation does not change the character of the 
mathematical analysis and the curve fitting reported earlier (2, 3, 4). 
It means merely that the equilibrium x — y is interpreted as a hydrolysis 
rather than as an ionization equilibrium, and that y is considered to 
be arsenite ions rather than molecules of sodium arsenite and x 
arsenious acid molecules rather than arsenite ions. 

This amplified statement of the ratio hypothesis and this tentative 
physicochemical reinterpretation are presented with the hope they may 
be of aid in the discovery of general principles pertaining to the mode 
of action of drugs and poisons in biological systems. 
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A NEW APHID ON DEVIL SHOE STRING 
(TEPHROSIA VIRGINIANA, L. PERS.)! 


CLYDE F. SMITH, 
Raleigh, North Carolina 


Neoamphorophora tephrosiae, new species 


It has been difficult to place this species. It does not fit in any of the 
described genera but I do not feel the differences justify the erection 
of a new genus. The general characters of this species are suggestive 
of Neoamphorophora Mason, but it differs from Neoamphorophora in 
lacking a distinct media in the hind wing. However, some of the 
specimens have the media indicated by a short stub (fig. 1). The 
majority have neither the media nor the cubitus indicated. Because 
of the apparently unstable condition of the veins of the hind wing the 
writer believes tephrosiae fits best in the genus Neoamphorophora. 
Material of tephrosiae differs from Microparsus Patch in having the 
cornicles swollen rather than subcylindrical. 


Alate vivipara.—Color of living material amber to reddish brown; 
cleared material shows the coloration characteristically fuscous to 
piceous on all segments of the antennae (except basal one-tenth of III 
which is pale), on distal one-half to two-thirds of all femora, on distal 
and proximal one-third to all tibiae (the middle portion of the tibiae 
is light), and on all of the cornicles, cauda and anal plate. Cubitus 
and Ist anal vein of fore wing dusky. Remainder of body and appen- 
dages pale to slightly dusky. 

Measurements: length of body 1.70 to 2.00; width of head through 
eyes 0.48-0.52; antennal III, 0.75 to 0.90; IV, 0.68 to 0.78; V, 0.55 to 
0.69; VI, 0.16 to 0.20 plus 1.00 to 1.34; rostum attaining second coxae; 
rostral IV plus V, 0.13 to 0.14; hind tibiae 1.88 to 2.05; hind tarsi 0.13 
to 0.14; cornicles 0.47 to 0.51; cauda 0.35 to 0.41. 

Antennal III with 15 to 23 sensoria; of 42 antennae 1 had 15, 2 had 
16, 6 had 17, 6 had 18, 8 had 19, 7 had 20, 7 had 21, 4 had 22, and 1 
had 23 sensoria on antennal III. Antennal IV with 1 to 14 sensoria; 
of 41 antennae 1 had 1, 1 had 2, 3 had 3, 2 had 4, 2 had 5, 1 had 6, 
4 had 7, 3 had 8, 5 had 9, 3 had 10, 4 had 11, 6 had 12, 4 had 13, and 
2 had 14 sensoria on antennal IV. Antennal V without secondary 
sensoria. It is interesting to note that the 1943 material averaged 
fewer sensoria than the 1941 material; in 1941 antennal III had 16 to 
23 sensoria and [V had 8 to 14; in 1943 antennal III had 15 to 21 and 
IV had 1 to 11 sensoria. Antennal hairs short and inconspicuous, 
distinctly shorter than diameter of antennal segment. 

Cubitus and media of hind wing usually absent. However, the 
cubitus may be indicated by a short stub on an occasional specimen and 
the media may be indicated in the same manner or by a branching (?) 


1Research Contribution No. 2, published with the aid of the State College 
Research Fund, Department of Zoology, North Carolina State College of Agricul- 
ture and Engineering of the University of North Carolina. 
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of the radial sector near the tip of the wing. The media of the fore 
wing is once branched. The Ist anal and cubitus are heavily bordered 
with fuscous. Cornicles distinctly swollen. Cauda bearing 3 pairs 
of lateral hairs and 1 dorsal hair. 


A plerous vivipara.—Color of living material amber to reddish brown. 
Cleared material shows the same characteristic coloration as the alate. 

Measurements: Length of body 2.30 to 2.70; width of head through 
eyes 0.52 to 0.55; antennal III, 0.92 to 0.96; IV, 0.71 to 0.83; V, 0.55 to 
0.66; VI, 0.18 to 0.20 plus 1.00 to 1.12; rostrum attaining second coxae; 
rostral IV plus V, 0.13 to 0.14; hind tibiae 2.00 to 2.14; hind tarsi 0.13 
to 0.14; cornicles 0.45 to 0.56; cauda 0.45 to 0.60. 


H. Wing (variation) 
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Neoamphrophora tephrosiae Smith 





Antennal III with 8 to 21 sensoria; of 38 antennae 1 had 8, 2 had 11, 
1 had 12, 4 had 13, 3 had 14, 8 had 15, 4 had 16, 5 had 17, 4 had 18, 
4 had 19, 1 had 20, and 1 had 21 sensoria on antennal III. Antennals 
IV and V without secondary sensoria. Antennal hairs short and 
inconspicuous, distinctly shorter than diameter of antennal segment. 
Cornicles distinctly swollen. Cauda with 3 pairs of lateral hairs and 
1 dorsal hair. 


A pterous ovipara.—Color of living and cleared material similar to 
that of the alate vivipara. 

Measurements: Length of body 1.5 to 2; width of head through 
eyes 0.45 to 0.51; antennal III, 0.79 to 0.91; IV, 0.65 to 0.70; V, 0.49 to 
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0.60; VI, 0.14 to 0.18 plus 1.00 to 1.2; rostral IV plus V, 0.12; hind 
tibiae 1.7 to 1.95; hind tarsi 0.12; cornicle 0.50 to 0.55; cauda 0.50. 

Antennal III with 12 to 16 sensoria: of 15 antennae 3 had 12, 4 had 
13, 5 had 14, 2 had 15, and 1 had 16 sensoria on antennal III; antennals 
IV and V without secondary sensoria. 


Alaie male.—Color of living and cleared material similar to that of 
the alate vivipara. 

Measurements: Length of body 1.10; antennal III, 0.70; IV, 0.61; 
V, 0.51; VI, 0.17 plus 1.08 hind tibiae 1.65; hind tarsi 0.10; cornicle 
0.31; cauda 0.22. 

Antennal III with approximately 33 sensoria, antennal IV, 29 and 
antennal V, 14. 


Types.—Holotype and allotype slides to be deposited in the U. S. 
National Museum; paracotype and paratype slides in the writer’s 
collection. 


Type locality.—Five miles south-west of Danbury, N. C. 


Collections —On Tephrosia virgininiana (L) Pers., five miles south- 
west of Danbury, N. C., May 14, 1941. holotype slide (2 alates and 1 
aptera) and 8 paracotype slides (18 alates and 20 aptera); July 29, 1941, 
1 paratype slide (1 alate and 5 aptera); October 7, 1941, allotype (1 male, 
3 ovipara, and 1 apterous vivipara), and 3 paratype slides (2 aptera 
and 11 ovipara); June 10, 1943, 12 paratype slides (9 alate and 35 
aptera). 

At the time of the first collection, May 14, 1941, three adjacent 
clumps of plants were heavily infested with aphids, most of which were 
apterous. None of the other bunches of Tephrosia were infested. 
On July 29 the aphids had spread to two other adjacent plants and were 
also present on the plants on which they had been observed on May 14; 
however, the aphids were quite scarce on July 29. On October 14, 1941, 
oviparous forms were found on all the clumps of Tephrosia in the vicinity, 
but the aphids were not very abundant on any of the plants. 

When abundant, this species of aphid causes considerable stunting 
of the plants. 


THE FEEDING ORGANS OF ARACHNIDA, INCLUDING MITES AND 
TICKS, by R. E. SNopGRAss. Smithsonian Misc. Coll., Vol. 110, No. 10; 
93 pages, 29 figures. August 18, 1948. 

This is obviously a continuation of Mr. Snodgrass’ studies of the mouth parts 
of arthropods of medical importance, begun during the war with a publication 
in 1943 of a similar study of the mouth parts of biting and disease-carrying flies. 
It is a broadly comparative study of the mouth parts of arachnids, with special 
sections devoted to the Palpigradi (Microthelyphonida), Solpugida, Pedipalpida, 
Ricinulei, Chelonethida (Pseudoscorpionida), Scorpionida, Phalangida (Opiliones), 
Araneida, and particularly the Acarina, which take up more than one-third of the 
text (34 pages). This work represents another of me: Snodgrass’ valuable con- 
tributions to the field of arthropod morphology.—M. T. J. 








MIMICRY BETWEEN THE DRONE-FLY, ERISTALIS 
TENAX (L.), AND THE HONEYBEE, APIS 
MELLIFERA L. ITS SIGNIFICANCE IN 
ANCIENT MYTHOLOGY AND 
PRESENT-DAY THOUGHT! 


E. LAURENCE ATKINS, JR., 
Citrus Experiment Station, 
Riverside, California 


Excepting the silkworm and the honeybee, there is probably no 
insect that can show an historical record equal to that of the Drone-fly, 
Eristalis tenax (L). 

Because of the mimicry existing between the Drone-fly and the 
honey-bee many erroneous superstitions and myths have come to us 
down through the ages. For nearly three thousand years a superstition 
has been prevalent in the minds of the masses, as well as in the writings 
of the learned, to the effect that besides the usual production of honey- 
bees in hives, they originated by spontaneous generation from the 
carcasses of dead animals, and principally from those of oxen. 

Among the many myths that have grown up around the honeybee 
that of the Bugonia® will be considered the most fully because it shows 
how entomology may throw light on questions that have puzzled and 
distracted the learned, as well as the layman, for centuries. 

The myth evidently started in Egypt and appears in a distorted 
form in the writings of the Hebrews, in which, however, it is a dead lion 
in which Sampson finds the honey-comb (Book of Judges, xiv, 8). 
With Sampson it seems that “‘on the way through the vineyards of 
Timnath Sampson had killed a lion, and after a while, on his way to 
fetch his bride, he turned aside to see the carcass of the lion; and behold 
there was a swarm of bees in the mouth of the lion, and honey; and he 
took it into his hands, and went on, eating as he went’. 

In the Greek and Roman literature references to the Bugonia are 
abundant and the myth becomes more elaborate. An old poet, Eumelus, 
about the eighth century before Christ, allegedly wrote a poem called 
Bugonia. From Virgil (Georgics, iv, verses 281-559) we find the myth 
of Aristaeus, the demigod, benefactor of mankind, who taught men to 
hunt and to keep bees. The substance of this story is that Aristaeus 
once lost his hives by famine and disease. In his distress he applied 
to his mother; and through her intervention and that of the sea-god 
Proteus, he was initiated into the mystic rite by which a swarm of bees 
was produced from a slaughtered ox. Egypt, during the Ptolemies, 
seems to have been the center of this superstition. The reason alleged 

1Contribution number 280 from the laboratories of the Department of 
Entomology, University of Illinois. 

*The word Bugonia arose in Greece and means ox-progeny, as well as the 
expressions bugines melissae and tauriginae apes, that is, oxen-born bees, in the 
Greek and Latin literature respectively. 
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for this experiment in burying an ox in such a way as to get bees was that 
the annual inundation of the Nile often destroyed the beehives and 
rendered the renewal of bees necessary. 

Varro (116-27 B. C.), the most learned of the Romans and a con- 
temporary of Cicero, in his book on Agriculture said that “from this 
rottenness the sweetest bees are born, the mothers of honey . . . the 
bees are produced partly from hives, partly from the bodies of rotten 
oxen’. Ovid (43 B. C.-17 A. D.) wrote a verse on the Bugonia also. 
The naturalist Pliny (23-79 A. D.) said ‘‘when bees are lost they can be 
reproduced from the fresh intestines of oxen, buried in dung’. Mago, 
quoted by Columella, teaches that the pouch alone of the ox is sufficient 
for the production of bees. Many others later repeated the same tale, 
changing it here and there as they saw fit. 

A recipe for producing bees from dead carcasses which was supposed 
to have been practiced in Egypt was to bury an ox with its horns pro- 
jecting, through which, after they were cut off, the bees would emerge. 
Another recipe, the most elaborate of them all, can be traced down to 
Florentinus, an obscure writer, in the Geoponica*’. There is an old 
Syric translation of the Geoponica, which may have been the channel 
through which the notion of the Bugonia spread eastwards, which gives 
an account of the process that was used by the King of Mauritania, 
Juba, from a colony in what is now known as French West Africa: 
“Build a house ten cubits high, with all the sides of equal dimensions, 
with one door and four windows, one on each side; put an ox into it, 
thirty months old, very fat and fleshy and chosen in the spring when 
the sun is in the sign of the bull; let a number of young men kill him 
by beating him violently with clubs, so as to mangle both flesh and bones 
but taking care not to shed any blood; let all of the orifices, mouth, 
eyes, nose, etc., be stopped up with clean and fine linen, impregnated 
with pitch—precautions to prevent the ox’s vitality from escaping 
so that it may be conserved for the generation of the swarm of bees; 
let a quantity of thyme be strewed under the reclining animal, and then 
let the windows and doors be closed and covered with a thick coating of 
clay, to prevent the access of air or wind. Three weeks later let the 
house be opened and let the light and fresh air get access to it, except 
from the side from which the wind blows strongest. After eleven days 
you will find the house full of bees, hanging together in clusters, and 
nothing left of the ox but horns, bones, and hair’. 

The belief in the Bugonia, like any other myth, grew and developed, 
and there was much shifting around about what came from which animal. 
It was contended that the ‘king’, or what we call the ‘‘queen-bee’’, 
was produced from'the brain of the ox; the worker bees from its flesh. 
Others contendéd, that while bees came from oxen exclusively, wasps 
originated from asses, drones from horses, and hornets from mules. 
Thomas Moufet said that the harder flesh of horses produced hornets, 
the softer flesh, wasps. The Greek commentators of Nicander attribute 
this faculty not to the flesh but to the skin, the condition being that the 
horse should have been bitten by a wolf. 


8The Geoponica is a work on agriculture compiled from the old Greek and 
Roman authors on the same subject. 
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In the Oriental literature may be found only one instance of the 
Bugonia belief. The Arab traveler Massoudi (died 955 in Cairo) in his 
Golden Meadows relates that in Arabia a man found a hive of bees near 
the seacoast and upon going there to collect the honey found a heap of 
bones, more or less rotten, in the cavity of which bees had deposited 
the honey which he brought back with him. 

It appears that of the ancients Aristotle was the only learned man 
from the European area who did not mention the Bugonia in his writings 
about bees, even though he was a believer in spontaneous generation. 
He knew that ‘‘four-winged insects have the sting in the tail, and the 
two-winged ones . . . have the sting in the front of the head”’. 

And so this superstition prevailed, besides in Northern Africa 
and in some parts of Asia, through the Middle Ages, and found ex- 
pression even in the 16th and 17th centuries. The friend of Luther, 
the learned and pious Melanchthon, considered it as a divine provision; 
an Italian poet of the 16th century Giovanni Rucillai (1475-1526) put 
it again into verse‘; the naturalist Aldrovandi (1602) accepted it without 
contradiction’; the English naturalist Moufet spoke of it as a common 
occurrence®; and, finally, the learned Samuel Bochart admitted it as 
an undoubted truth’. 

The original cause of this delusion lies in the fact that the very 
common fly, scientifically called Eristalis tenax (L.), popularly the 
drone-fly, lays its eggs upon the carcasses of dead animals; that its 
larvae develop within the putrescent mass, a liquid which collects 
around such decomposing animals, and finally change into a swarm of 
flies which in their shape, hairy vestiture and coloration look super- 
ficially like honeybees, although they belong to a totally different order 
of insects. The honeybee belongs to the order Hymenoptera and has 
four wings; the female is provided with a sting at the end of the body; 
the fly, Eristalis tenax, belongs to the order Diptera, has only two wings, 
and no sting. Honeybees probably, in a few instances, were found to 
occupy the dried and bleached skeleton of an ox; perhaps even in the 
mouth of the skeleton of Sampson’s lion or the house as built for the 
King of. Mauritania after elaborate treatment. And probably many 
did try the experiment and obtain something that looked like a bee; 
but that there was a second part of the experiment which, if they ever 
tried it, never succeeded and that was to make that bee-like something 
produce honey. If they did care much about this failure and did not 
prosecute the experiment any further, it was probably because, in most 
cases, they found that it was much easier to procure bees in the ordinary 
way. This attitude is probably what prompted the various recipes. 

There are many citations of this mimicry in the literature, a few of 
which will follow. Heliogabalus, Roman Emperor (218-222) often sent 
his friends vessels of ‘‘disgusting animals’”’ and often they were filled 
with numerous flies which he called tame bees, which were undoubtedly 
E. tenax, with which he frightened his friends. 





41681, Le A pi, p. 68. 
5Aldrovandi, 1602, De animalibus insectis, pp. 58-60. 
®‘Moufet, 1634, Theatrum Insectorum. 


71663, Hierozoicon, sive opus bipartitum de animalibus sacrae scripturae, Vol. 2, 
pp. 502-507. 
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Minakata, reporting in ‘‘Some Oriental Beliefs about Bees and 
Wasps’’, says that‘ so far as I could find, the people of the Far East 
seem not to have possessed any belief about oxen-born bees; . : 
Diptera mistaken for Hymenoptera—Sie Tsai-Kang, in his ‘Miscellanies 
of Five Phenomena’ (Japanese edition, 1661, book 9, p. 43) narrates 
thus: ‘In Chang-sha I saw honeybees all without stings, so that, when 
trifled with upon the palms they were quite harmless; having no differ- 
ence from flies, that was strange!’ No doubt he has seen some Drone- 
flies’’. 

Mr. Byran,:‘‘On mimicry in Diptera’, said ‘““But it is among the 
flies of the family Syrphidae that we find the most singular resemblance 
with Hymenoptera. Who has not seen the ubiquitous Drone-fly 
(Eristalis tenax) buzzing on the window pane or, in late autumn crawling 
wearily along the sills, and who has not mistaken it for a bee (A pis 
mellifera)? I have but to go into the garden and watch a patch of 
flowers; there, besides the numerous bees which come to gather honey, 
I am sure to find some of these flies. And I have to look twice before 
pronouncing them to be flies’’. 

Mr. Benton in ‘Notes on Carniolan Bees, and a peculiar belief 
among the Beekeepers of Carniola, Austria, regarding the Drone fly, 
Eristalis tenax’’ calls attention to the fact since the introduction of 
Italian bees into the southern portion of the country the Carniolan bees 
have become somewhat yellow on the abdomen, whereas the pure 
strain is gray. The natives attributed this fact to crossbreeding 
between the bees and the Drone-fly. 

In another paper on mimicry, Mr. Benton tells of a photograph 
which was published in the American Bee-Keeper,/4: 52, 1904, labeled 
“bees working on Chrysanthemums.’’ On examination the ‘‘bees’’ 
turned out to be drone-flies, which have the habit of visiting chrysan- 
themums to feed on the pollen and the nectar and which are given 
credit for affecting the fertilization of these flowers. 

He also gives another instance where the Drone-flies were mistaken 
for bees in the famous Utter trial, described in “Gleanings in Bee 
Culture”’ for 1900 and 1901, where he presented a case of mounted 
bees and drone-flies to the jury and to skilled beekeepers, both groups 
being unable to differentiate them fully. 

Brues states that an asilid or robber-fly (probably Promachus 
fitchii O. S.) with a fondness for the honeybee frequently catches the 
common drone-fly, Eristalis tenax, and that this probably means, 
that to the insect eye Eristalis really looks like the honeybee, but this 
mimicry to the bee is unfortunate to the fly when these asilids are present. 

The final extinction of this absurd notion among civilized nations 
was due to two causes: (1) among scientific men, to the confutation 
of the old belief in spontaneous generation and the general recognition 
of the principle, omne vivum ex ovo, all living beings come from an egg, 
proclaimed by William Harvey (1651); (2) among the ignorant crowd, 
to the introduction of a sanitary police which prevented carcasses from 
lying about and affording the spectacie of bee-like flies swarming about 
them. 

A group of men almost contemporaries, brought about the solution 
in the 17th century, by dint of observing insects in nature and not merely 
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compiling authorities as was the custom all over Eurasia during the 
Middle Ages. These men were Goedard (1620-1668), Blankaart, 
(1688), Swammerdam (1637-1680), all three in Holland; Redi (1626- 
1697) and Vallisnieri (1661-1730) in Italy, and finally Réaumeur 
(1683-1757). However, most of these men were held by strict religious 
convictions and perhaps failed to assert themselves outwardly and it 
was for Osten Sacken, in 1883, to introduce the first explanation of the 
Bugonia, founded upon a resemblance of this fly to the honeybee. 
Eristalis tenax (L.) is of a duller coloring than most of the species 
of the family to which it belongs, and because of this fact has a remark- 
able resemblance to a honeybee. So great is this resemblance that even 





Fic. 1. Can you distinguish the flies from the honeybees? Nos. 2, 4, 6 and 7 
are the drone-fly, Eristalis tenax; Nos. 1, 3, 5 and 8 are drones of the honeybee, 
Apis mellifera. Of the drone-flies, No. 2 is a female and the others are males. 


trained entomologists often hesitate in order not to get stung. The 
coloration, the size, the conformation, and the proportions of the 
different parts of the body of these two insects, belonging to two different 
orders, are very much alike. The fly keeps its wings more or less 
divaricated, spread apart posteriorly, whereas the bee keeps the wings 
above the abdomen, one covering the other at rest, except that in taking 
nectar and pollen from flowers, it often has its wings divaricated also. 
Both insects frequent flowers and behave upon them in much the same 
manner. 

The coloring of the honeybee is variable; some varieties having very 
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distinct brownish-yellow crossbands at their bases. Just the same 
variations occur in the coloring of the drone-fly. 

The drone-fly plays an important role in the fertilization of flowers 
and of composite flowers especially; in 1893 an attempt was made to 
utilize this habit to fertilize a non-seeding Chrysanthemum in Jamaica. 

The larva of E. tenax is the well-known rat-tailed maggot, so called 
for the first time by Réaumeur. Its long tail is provided with a tele- 
scopic arrangement for extending and shortening the breathing appar- 
atus, enabling the larva to live in watery putrescence several inches 
deep and to breath through the rat-like “‘tail’’ tube from the surface. 

The larvae live in putrid water, sewers, etc., and crawl out of them 
to pupate in the vicinity. The vitality of these larvae is extraordinary, 
hence the name tenax, meaning ‘‘to hold on’, ‘“‘tenacious’’. 

Eristalis tenax has obtained almost universal distribution and the 
progress of civilization has only increased its opportunities. In ancient 
times it had to look for stray carcasses; civilization offers it its drains, 
canalizations, cesspools, and dungheaps in which it can wallow in abun- 
dance and is perhaps better protected against its enemies. Different 
in this from other insects which disappear with the culture of the land, 
E. tenax thus entered into a kind of commensalism with man and spread 
in new countries with astounding rapidity. So we see that in its 
earliest days E. tenax appears like a myth, a misunderstood and unnamed 
animal, praised for qualities which it never possessed, a theme for myth- 
ology in prose and poetry. Later on, the bubble of its glory having 
burst, it gradually settles into a kind of commensalism with man, 
obtaining from him a local habitation and a name; it joins the Anglo- 
Saxon race in its immense colonial development, it emulates with it in 
marvels of fecundity, and at present renders hitherto unrecognized 
services in converting putrescence into pure and clean living matter. 

It is appropriate that this paper should close on the Bugonia craze 
with the moral of it taken from Goethe: “man sieht nur was man weiss: 
man sees only what man knows’’. 
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NOTES ON THE LIFE CYCLE OF THE CHRYSANTHEMUM 
APHID, MACROSIPHUM SANBORNI (GILLETTE) 


JAMES B. KITZMILLER, 


Department of Zoology and Physiology, 
University of Illinois 


In a genetic study of determination and differentiation of wings in 
the chrysanthemum aphid, Macrosiphum sanborni, several facts were 
recorded which pertain to the life cycle and natural history of this 
species. These data are recorded here. 


TABLE I 


NUMBER OF DAyYs FROM BIRTH TO PRODUCTION OF FIRST OFFSPRING 











Born |  F, Produced Raised at Number of Days 
12-16-46 12-29-46 | Room temperature 13 
12-18-46 | 12-30-46 : # 12 
12-18-46 12-31-46 ,.* : 13 
12-19-46 l- 2-47 fom 14 
12-30-46 1-12-47 ” 5 13 

1- 2-47 1-12-47 . : 10 

1- 7-47 1-15-47 . Ee 8 
2- 4-47 2-18-47 1S" :¢. 14 
2-13-47 2-22-47 me Os 9 
2-13-47 2-24-47 es 11 
2-15-47 2-23-47 poate, 8 
2-15-47 2-24-47 oe 9 
2-17-47 3- 5-47 ae 16 
2-25-47 3- 3-47 oA "S 6 
5- 1-47 5- 9-47 Room temperature 8 
5-10-47 5-17-47 . 7 7 
5-13-47 §-22-47 | « e 9 
5-13-47 5-26-47 3 , 13 
10-18-47 10-26-47 ' - 8 
10-18-47 10-26-47 . : 8 
10-18-47 | 10-26-47 , : 8 











Mean 10.33 + 0.61 days. 


Host plant.—All references in the literature which mention host 
plants state that cultivated chrysanthemums are preferred by this 
species. Patch (1938) lists five species of Chrysanthemum which have 
been identified as hosts. In the present study all aphids were grown 
upon cultivated chrysanthemums. The aphids showed a preference 
for the succulent portions of the plant, and were found in greatest num- 
bers at the tips of the stem and upon the under sides of leaves. Attempts 
to raise Macrosiphum sanborni upon potato plants failed. 

Length of generation.—In twenty-one cases observed, the length of 
time between the birth of an aphid and the time it gave birth to its 
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first offspring varied from six to sixteen days, with a mean of 10.33 
+ 0.61 days. These extremes of variation, 6 and 16 days, occurred 
among aphids raised at 18° C. in continuous light. Among those raised 
at room conditions the variation was somewhat less, from 7 to 14 days. 
The number of days required apparently varies within rather wide 
limits since in at least one case offspring of the same parent, raised at 
the same time, varied from nine to thirteen days. The individual 
cases are shown in table I. 


TABLE II 


YOUNG PER FEMALE PER Day REARED AT 18° C. IN CONTINUOUS LIGHT 











Experiment Total Young Young per Female 
Number Produced Parent-days! per Day 

6-7 141 114 1.236 
13 45 60 0.750 
14 31 59 0.525 
18 183 240 0.762 
21 130 160 0.813 
24 10 15 0.667 
25 65 44 1.477 
26 60 67 0.895 
27 75 90 0.833 
29 1078 583 1.849 
30 71 40 1.775 
31 25 30 0.833 
33 130 140 0.928 
34 200 180 1H 
35 206 200 1.030 
36 190 200 0.950 
37 192 200 0.960 
38 170 150 1.133 
39 82 90 0.911 
40 92 90 1.022 
42 165 204 0.808 
43 246 304 0.809 
44 35 55 0.636 
46 79 54 1.463 
47 480 682 0.704 
48 289 496 0.582 
50 118 371 0.318 
51 121 132 0.916 

Totals 4709 5050 0.953 

| 











1Parent-days were calculated by multiplying the total number of parents on a 
plant by the number of days they remained on the plant. 


Families raised at 18° C. took on the average 10.42 + 1.21 days to 
reach maturity (production of first offspring) while those raised at room 
temperature (about 23° C.) required 10.28 + 0.65 days. The calculation 
of the standard error of the difference between these means indicates 
a probability of 92 per cent that this difference is only accidental. 
Possibly the variability of room temperature contributed to the slight 
shortening of the time required for the aphids to reproduce. 

Young per female per day.—Records were kept of the numbers of 
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females put on each experimental plant, and of the numbers of offspring 
produced. Parents and offspring were counted daily. Parent-days 
were calculated by multiplying the number of parents by the number of 
days they were on the plant. Thus twenty parents on a plant for a 
total of five days would make a total of one hundred parent-days. 
Data are available for both sets of conditions, 18° C. in the light and 
20° C. in darkness. These data are shown in Tables EI and III. Females 
in 18° in the light produced an average of 0.953 + 0.062 young per 
female per day, while those at 20° in the dark averaged 1.295 + 0.079. 
The difference between these means (0.342) when compared with the 
standard error of this difference (0.100) indicates a probability of about 











TABLE III 
YOUNG PER FEMALE PER DAY REARED AT 20° C. IN THE DaRK 
Experiment Total Young Young per Female 
Number Produced Parent-days per Day 

11 210 161 1.304 
13 91 98 0.928 
29 158 142 1.112 
30 90 54 1.666 
31 16 15 1.066 
33 82 56 1.464 
34 95 87 1.092 
35 165 102 1.617 
37 208 135 1.548 
38 93 72 1.291 
39 245 212 1.155 
40 56 175 0.320 
42 260 152 1.710 
44 298 199 1.497 
46 110 70 1.571 
47 407 271 1.502 
48 246 308 0.798 
49 382 246 1.552 
50 354 249 1.421 

Totals 3566 2804 1.295 





9994 chances out of 10,000 that the difference between these means is 
due to something other than chance. It is very possible that the 
direct effect of higher temperature is evident here, as shown by the 
increased number of young per day. The largest number of young 
known to be born to a single female under these conditions in a twenty- 
four hour period is five. All results given in this paragraph concerning 
families raised at 20° C. in the dark, include data from ten days or less 
after the change into these conditions. When females were left in the 
dark for longer periods, numbers of offspring dropped sharply. 
Immature stages.—There are four nymphal instars. The first moult 
occurs between two and three days after birth. In thirteen closely 
observed cases the first instar lasted an average of 56.8 + 1.91 hours. 
This figure agrees with the moults of hundreds of other aphids whose 
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time of birth was known only within twelve hours but which shed for 
the first time within three days after birth. 

The time at which the second ecdysis took place was not as regular 
as was that of the first. Observed periods varied from 73 to 105 hours 
after birth, with a mean time of 96.18 + 4.74 hours. The mean length 
of the second nymphal instar was 39.90 + 3.77 hours, or slightly more 
than one and one-half days. 

The third moult varied from 104 to 159 hours after birth, with a 
mean value of 124.83 + 3.42 hours. The third instar was of 34.11 
+ 1.66 hours, or approximately one and one half days duration, while 
the final moult took place an average of 169.50 + 5.56 hours after 
birth, with the last nymphal instar 44.73 + 4.35 hours long. 

An average of 169.5 hours or about seven days, elapsed between 
birth and the last moult. About three more days were required before 
young were produced. See table I for the average length of time 
between birth and production of young. 

Stage at which wings appear.—Wings are first visible as rounded 
protuberances in the dorsolateral regions of the mesothorax. The 
raised portions appear swollen and air-filled. These external evidences 
of wings are generally first seen in the third nymphal instar, although 
some individuals showed wings earlier, in the late second instar. Usually 
however, whether an individual was winged or not could not be deter- 
mined with certainty until after the second moult. This moult, as 
noted above, took place from four to five days after birth; for the sake 
of certainty aphids were not classified as wingless until after the eighth 
day. 

The external development of wings is rapid in the third and fourth 
instars. Metathoracic swellings are soon apparent, and both sets of 
wings develop as triangular, inflated pads, closely appressed to the 
dorsolateral surface of the thorax and abdomen. There is no significant 
change, except in size, in the fourth instar, and at the final moult the 
adult wings are attained. 

While the figures given above are probably reasonably close to the 
average lengths of time for each instar, it must be emphasized that there 
was a wide range of variation. Some aphids produced young as soon 
as seven days after birth, others took as long as fourteen. Since all 
were raised at room temperatures the reasons for this variation are not 
clear from the data at hand. 
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NEW SPECIES OF TRICHOPTERA 


D. G. DENNING, 
University of Wyoming, 
Laramie, Wyoming 


Recent examination of several collections of Trichoptera have dis- 
closed a number of new and unusual species, six of the most interesting 
of which are described in this paper. Types of the new species are in 
the writer’s collection at the University of Wyoming. 


Orthotrichia instabilis, n. sp. 

This, the third species in the genus described from neacrtic North 
America, is radically different from either americana Banks or cristata 
Morton; it is probably most closely related to cristata. The shape and 
size of the clasper, the plate back of the clasper, and the aedeagus will 
readily distinguish this species. 

Length 2-2.5 mm. Sternite of seventh segment with a prominent 
mesal process covered with dense long scales. Genitalia as in fig. 1. 
Claspers, from ventral aspect, large, sub-quadrate, apico-lateral corner 
broadly rounded, mesal margin somewhat irregular and bearing several 
large setae, baso-mesal surface concave; claspers fused only at extreme 
base; from lateral aspect apical part of clasper is curved slightly dorsad. 
Plate back of clasper, from ventral aspect, large, apically extended 
into two lateral arms each bearing a prominent seta; a certain amount 
of variation is exhibited in the shape of this plate, the mesal incision 
may be absent, or deeper than that shown in fig. 1A, but the general 
shape and size are similar in all specimens examined; seen from lateral 
aspect the apex is curved slightly ventrad, somewhat hook-like, and a 
triangular projection is directed ventrad from the mesal surface. 
Aedeagus, fig. 1B, very long, bearing a short acute filament twisted 
one and one-half times around structure, apex expanded, elongate. 

Holotype, male-——Winter Park, Florida, May 16, 1940, (H. T. 
Fernald). 

Paratypes.—Florida, same data as for holotype, 8 males. 


Oxyethira janella, n. sp. 

This species bears little resemblance to other described species. It 
can be identified at once by the long ventral plate bearing a pair of 
setiferous tubercles at the apex. Color, size, and general character- 
istics similar to that described for other members of the genus. Length 
2.5mm. Genitalia as in fig. 2. Sternite of seventh segment with an 
acute prominent mesal process, its distal margin with a deep incision. 
Lobe of eighth sternite projected caudad nearly one-half length of 
ninth sternite, fig. 2B, from lateral aspect, fig. 2A, apex broadly rounded 
and bearing several large setae; dorso-lateral lobes large, extending 
caudad beyond any other part of segment, apex broadly rounded and 
bearing a considerable number of setae along margin. Sternite of 
ninth segment about three times as long as wide, seen from ventral 
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aspect, fig. 2B, apex with a deep narrow mesal incision; concave from 
dorsal view; from lateral aspect, fig. 2A, slightly upturned apically and 
bearing a pair of prominent tubercles near apex, each with four setae; 
dorsal portion of ninth produced into a pair of long heavily sclerotized 
rods which extend caudad nearly as far as ventral plate, widely sepa- 
rated at base but converging to an acute, ventrad directed apex. 
Aedeagus with very wide base, arises in seventh segment, narrowed 
cylindrical part lies between above mentioned rods and is projected 
caudad only slightly beyond them, apex divided into a slender sub- 
acute process and a shorter more robust process, whole enclosed in a 
membranous sac. 

Holotype, male—Winter Park, Florida, May 16, 1940, (H. T. 
Fernald). 

Paratype-—New Orleans, Louisiana, October 10, 1945, (D. G. 
Denning), 1 male. 

Oxyethira grisea Betten 

Very little is known concerning the distribution of this interesting 
species, now known to occur in New York, Indiana, Illinois, and 
Michigan. In the specimen examined the clavate filament of the 
aedeagus reaches to the apex of the structure. The margin of the small 
apical process of the aedeagus is minutely serrate. 

Michigan: August 5-15, 1947, (J. W. Leonard), 1 male. 


Ochrotrichia potomus Denning 


This species, which was recently described from southeastern 
Wyoming, is herein recorded from Oklahoma. 
Oklahoma: Nowata, September 20, 1947, light trap, 1 male. 


Hydropsyche impula, n. sp. 

This species is very closely related to valanis Ross, from which it 
can be separated by its larger more robust size, the apical segment of 
the clasper which is considerably thickened and apically acute, and the 
lateral plates of the aedeagus which do not touch and are subtriangular 
in shape, the entire aedeagus is more robust. 

Length 10 mm. Color of forewings reddish brown with light irrora- 
tion, heaviest in the apical third, apex with several dark brown mark- 
ings, flagellum of antennae with black markings on the first seven or 
eight segments, eyes very large. Genitalia as in fig. 3. Tenth seg- 
ment short, obtuse; deep triangular incision on meson, short setae along 
margin of groove, fig. 3B; setae along lateral lobe in the approximate 
form of a circle, fig. 3A. Clasper with basal segment gradually enlarged 
apically; apical segment with dorsal margin arcuate from lateral view, 
fig. 3A, mesal margin considerably enlarged when seen from either 
dorsal or caudal aspect, fig. 3C. Aedeagus, from ventral view, fig. 3D, 
with lateral plates separated entire length, sub-triangular, lateral 
margin sinuate; viewed laterally, aedeagus is quite sharply angled, 
narrowed just beyond the middle and then widened apically, lateral 
plates flared dorsad almost to a level with remainder. 

Holotype, male.—Sunderland, Massachusetts, July 17, 1938, (J. F. 
Hanson). 

Paratype, male-—Same data as for holotype. 
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Fig.1. Orthotrichia instabilis, male genitalia: 1A, ventral aspect of ninth and 
tenth segments; 1B, aedeagus. Fig. 2. Oxyethira janella, male genitalia: 2A, 
lateral aspect; 2B, ventral aspect of ninth and tenth segments. Fig. 3. Hydro- 
psycha impula, male genitalia: 3A, lateral aspect; 3B, dorsal aspect of tenth tergite; 
3C, caudal aspect of clasper; 3D, ventral aspect of aedeagus. Fig. 4. Cheumato- 
psyche geora, male genitalia: 4A, lateral aspect; 4B, caudal aspect of tenth tergite; 
4C, caudal aspect of clasper. Fig. 5. Cheumatopsyche halima, male genitalia: 
5A, lateral aspect; 5B, caudal aspect of tenth tergite; 5C, lateral aspect of aedeagus. 
Fig. 6. Limnephilus gioia, male genitalia: 6A, lateral aspect; 6B, dorsal aspect of 
tenth tergite; 6C, dorsal aspect of clasper; 6D, lateral arm of aedeagus. 
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Cheumatopsyche geora, n. sp. 

This species bears closest resemblance to oxa Ross, but differs from 
that species in the very large lateral wart and the thickened apex of 
the basal segment of the clasper. This species was kindly compared to 
the type of oxa by Dr. H. H. Ross. 

Length 7 mm. Wings uniformly brown, appendages about same 
shade of color. Genitalia as in fig. 4. Tenth tergite longer than deep; 
apical margin produced into a pair of large dorsally rounded lobes when 
seen from lateral aspect, sub-acute and widely separated when seen 
from caudal aspect, fig. 4B, setation sparse; setiferous wart large, about 
same width throughout and extending dorsad beyond dorsal margin of 
tergite, cephalad to these lateral tubercoes is a pair of small triangular 
protuberances which barely project above dorsal margin. Clasper 
with basal segment short, one and one-half times length of apical seg- 
ment, apex greatly thickened; apical segment long, slender, curved 
cephalad when seen from lateral view, slightly convergent from caudal 
view, fig. 4C, apical segment clothed with minute setae. Aedeagus 
with basal portion only slightly enlarged, very similar to others in genus. 

Holotype, male-—Macon, Georgia, May, 1944, (H. R. Dodge). 


Cheumatopsyche halima, n. sp. 

This species is very similar to gracilis and gyra, differing from each 
in the following characters: dorso-lateral corner of tenth tergite lobes 
rounded, not produced into an angular projection; tenth tergite shorter 
and deeper; basal segment of clasper shorter and stockier; apical seg- 
ment more sharply curved cephalad; aedeagus much more bulbous and 
more sharply narrowed apically. 

Length 7.5 mm. Wings uniformly dark brown. Legs uniformly 
dark brown, about same color as wings, body slightly darker; head 
missing on specimen examined. Genitalia as in fig. 5. Ninth segment 
annular, reduced dorsally to a pair of acute lobes fringed with long 
setae. Tenth tergite short, only slightly longer than deep; setiferous 
wart slender, semicircular; lateral lobes extend dorsad beyond remain- 
der, gradually thickened and widened dorsally; from caudal aspect, 
fig. 5B, apex widened into a somewhat rounded plate, apical margin 
nearly truncate, mesal margins appressed, inner and outer margins 
sinuate, setae sparse. Clasper about same length as depth of ninth 
segment; basal segment not quite three times as long as apical segment, 
gradually widened to apex, apical segment narrow, curved cephalad; 
from caudal aspect basal segment straight, apical segments strongly 
convergent, but do not touch. Aedeagus with basal portion greatly 
enlarged, apical portion suddenly narrowed; lateral lobes short, ovate, 
fig. 5C. 

Holotype, male-—Ambherst, Massachusetts, June 15, 1938, at light, 
(J. Hanson). 


Limnephilus gioia, n. sp. 

This species is closely related to harrimani Banks from which it can 
easily be separated by the comparatively short tenth tergite with its 
wider base, the wider base of the cerci, the lateral arm of the aedeagus 
and several other details of the genitalia. 
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Length 11 mm. Wings light brown with irregular dark markings, 
antennae, palpi and body a trifle darker than wings, legs yellowish. 
Genitalia as in fig. 6. Tergite of eighth segment with a cushion of 
short setae. Ninth tergite reduced to a narrow strap, sternite with a 
short narrow mesal incision. Lobes of tenth tergite slender, long, about 
two-thirds as long as cerci, acute apically and divergent when viewed 
dorsally, fig. 6B, outer margin minutely serrate, setae sparse. Cerci 
from lateral aspect, fig. 6A, long and slender, truncate apically; from 
dorsal apsect, fig. 6C, base wide, apical part gradually narrowed and 
convergent, mesal margin serrate and heavily sclerotized. Claspers 
nearly quadrate, apical margin irregular, bent mesad against caudal 
surface of segment, ventral corner bearing several long black setae. 
Mesal part of aedeagus cylindrical, apical portion curved abruptly 
dorsad, apex with a ventrad directed hook; lateral arms as long as mesal 
part, apex expanded, apico-lateral margin very thin causing the mesal 
surface to appear concave, apex bearing a dense mass of stout setae, 
fig. 6D. 

Holotype, male—yYellowstone Park, Wyoming, Emerald Pool, 
July 12, 1942, (C. P. Alexander). 


NOTICE 


“A History of Entomology in Relation to World War II” is now being pre- 
pared. Suitable photographs and reprints of published articles dealing with any 
phase of entomology in connection with the war effort are urgently needed to 
complete this project. It is requested that persons having such material send it 
immediately to Emory C. Cushing, General Editor, Route 1, Box 38, Stockdale, 
Texas. Photographs should be accompanied by appropriate explanation and 
statement of source. 


P. W. OMAN. 
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